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CHAPTER XI. 


THE JURA. 

The Jura forms a curve somewhat resembling 
that of the Alps, trending at first N. and S., and 
subsequently S.W. and N.E. 

It falls into two well-marked divisions, the Tabular 
Jura and the Folded Jura.* 

Tabular Jura. 

The Tabular Jura consists of two comparatively 
small tracts, one to the N.E., the other to the S.W., 
which have escaped compression, and consist of 
approximately horizontal strata. 

In Fig. 71 the ancient mountains of the Black 
Forest and the Vosges are shown on the N.E. and 
N.W. Between the two dotted lines is the area of 
subsidence now forming the valley of the Rhine. 
The Dinkelberg is a district south of the Black 
Forest, which has sunk to some extent, but not so 
* Miiller, Beitr. z. Geol. K. d, Schw.^ L. I, 
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much as the Rhine valley. The Tabular Jura of 
Aargau lies south of the Dinkelberg, and the Elsgauer 
Tabular Jura south of the Vosges. Between them, 



south of the Rhine valley, the Jura is thrown into a 
succession of folds. The ancient crystalline rocks of 
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the Black Forest and the Vosges are probably con- 
tinued under the Jurassic strata to the south, and, as 
Miihlberg suggests, may have protected them from 
being folded and contorted as they have been further 
to the south. It is interesting, as confirming this view, 
that the horizontal character of the strata ceases 





Lias 


Seclwn fZCPosB tJw WamieTi/lu/p 
After MuJdherff, 

Miocene. 

Malm upper. 

5 , lower. 

Dogger upper. 

middle, 
lower. 

—Section across the Wannenfluh. 


opposite the sunk area of the Rhine valley, and the 
foldings there reach northwards to the edge of the 
valley. 

At the line of contact of Tabular Jura with the 
Folded Jura, the latter are generally thrust more or 
less over the edge of the tabular strata, as shown in 
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the figure 72, which represents the junction of the 
two at the Botzberg tunnel, near Brugg. 

Fig. 73 gives a section of the Wannenfluh, the 
mountain on the east of the cluse which leads from 
Balstatt to Oensingen between Soleure and Olten, 
and it is evident that the strata to the south have 
been thrust somewhat over those to the north. 

This “Zone de recouvrement,” as it is termed by 
the Swiss geologists, is shown by the belt marked 
with cross-lines in Fig. 71. It extends from Meltingen 
(S.E. of Laufen) by Reigoldswil, Oltingen, and Botz- 
berg, to near Baden in Aargau. The overthrust in- 
dicates that the pressure came from the south. 

Folded Jura. 

The Folded Jura is thrown into some 160 un- 
dulations and about fifteen main folds nearly parallel 
to one another. These however do not extend the 
whole length of the district; they are most numerous 
to the SW., where there are as many as twelve, but 
gradually coalesce towards the N.E., others from time 
to time making their appearance, but still the number 
gradually diminishing to a single anticlinal, which 
crosses the Reuss forming the Cluse south of Brugg, 
and finally disappears at Regensberg, to the north of 
Zurich. 
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The folds of the eastern Jura are the most in- 
tense, while those of the west again surpass those of 
the centre. In all cases the amount of compression 
is approximately the same — about 5000 metres, the 
folds increasing in intensity as they diminish in 
number. 

CL da Montcrri „ CL da Clos dtt Boulis SCBrais 


ouduLomoat EpsiuTilliers 

Selente « 



Fia, — Section across the Clos du Doubs. 


This subdivision and reunion of folds which is so 
clearly visible in the Jura, is frequent also in the Alps, 
and indeed in folded chains generally. 

A glance at any map will show that the Jura is a 
succession of hills and valleys, running approximately 


V. de Delemont Ch. de.Vellcrat M. da V. de 

le Moat Moutier Koutier 



Fig. 75. — Section rom the Valley of Delemont to that of Moutier. 


S.W. and N.E. These ridges and depressions are 
mainly due to compression, and to the consequent 
undulations of the strata, as shown by Fig. 74, giving 
a section from NW. to SE. a little south of Porrentruy, 
near the remarkable turn of the River Doubs and 
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crossing both stretches of the river. It will be seen 
that the valleys are synclinals, and that in the valleys 
the action of water has been but slight. 

The next figure (Fig. 75) represents a section 



across the Mont de Moutier, from the Valley of 
Delemont to that of Moutier, and we see that some 
of the highest ground is a synclinal. 

Figure 76 gives a case of two neighbouring valleys, 

w Vuache E 

• Clialet 



one of which (Le Lode) is a synclinal, the other 
(Entre-Deux-Monts) an anticlinal. 

In both the cases above mentioned the configura- 
tion of the surface, the arrangement of hills and 


Fig. 78. — Transverse Profile of the Petit Saleve. 1=25,000. 


22 


SCENERY OF SWITZERLAND. 



valleys, the direction of 
rivers and mountains, cor- 
respond closely with the 
geological stnicture. 

Fig. 77 represents a 
section of the Vuache. It 
will be seen that the 
Vuache is the half of an 
anticlinal, the western 
part having subsided 
about 1000 m. The 
Rhone runs along the 
fault. In this case the 
fault is nearly vertical, 
but in others one side 
is thrust more or less over 
the other. In the Jura, 
faults generally, but not 
always, betray themselves 
on the surface. 

The Saleve (Fig. 78), 
which forms such a con- 
spicuous object at Geneva, 
is an arch, fractured at 
the summit, and steeply 
inclined to the N.W. 
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While most river valleys, being due mainly to 
erosion, slope to one end, the valleys of the Jura are so 
entirely the result of geological causes that they are 
sometimes horizontal, or even lowest in the middle. 


■w. 
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79. — Section across the Rhine Valley. 


iind ill several cases closed at both ends. The result 
is that they are' often dry valleys, or contain streams 
running from the two ends towards the centre. 

Thus between Biel and Delemont we have the 
Val de St. Imier, in which the Suze, running to the 


"W. 

Basel 
Veltsteinbrucke „ 


Eomli 


Greuzacher- 


Junkkolz 


¥yleii 





Fut. 80. — Section across the Rhine Valley at Basic. 


E., meets the stream which comes down the Combe 
de Pery, and the two together find an exit thiough 
the Cluse de Pery to Biel. A little north is the Val 
de Tavannes, where again two streams, one from the 
N.E., and the other, the Birse, from the S.W. meet 
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at Court, and find an exit northwards by Moutier to 
Delemont. The valley of Delemoiit itself is another 
case. Two streams, one from the east, another, the 
Some, from the west, meet the Birse near Delemont, 
and run through another cluse to the N.E. 

The Jura is thus crossed by four principal trans- 
verse valleys or cluses. 

The longitudinal valleys were probably filled at 
one time by mollasse, and some perhaps formed 
lakes, as, for instance, the flat plains near Pontarlier, 
Delemont, the Val St. Imier, etc. Between Delemont 
and Soleure are several ridges, which are cut through 
by the “cluses” of the Birse and the Some. If we 
imagine these “cluses” abolished, the result would 
be to form lakes; these would gradually fill up, and 
eventually run over where the “cluses” now are, 
which would thus be re-excavated. This throws 
light on the cases, not othenvise easily explicable, 
where in neighbouring and parallel valleys the streams 
run in opposite directions. The valley of Etraches, 
for instance, N.E. of Pontarlier, runs parallel to that 
of the Doubs, but the Etraches runs from N.E. to 
S.W., the Doubs from S.W. to NE. Nay, the Doubs 
itself, after running north-eastward to St. Ursanne, 
between rocks 250 to 300 metres high, makes an 
extraordinary turn. Its course so far had been in 
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the main to the N.E., but at St. Ursanne it turns to 
the W.S.W., enclosing a high ridge (Fig. 74) known 
as the Clos du Doubs. 

The valley of the Rhine from Basle northwards 
IS of comparatively recent origin, being due to a sub- 
sidence which has separated the Black Forest from 
the Vosges. Just south of Basle the anhydrite beds 
which at Bettingen are 400 metres above the sea 
level, have sunk at Hiinningen to 600 metres below 
It, a drop of 1000 metres in about five miles. 

At St. Jacobs, near Basle, the section is as in 
79. Furthernorth the sinking is more profound, 
and the strata are fractured (Fig. 80). At Kandern 
the depression amounts to 1500 metres. 

The sinking of the Rhine valley near Basle was 
no doubt a slow process. It probably began before 
or early in the Glacial period, before which time the 
whole drainage of the country must (see ante, p. 225) 
have been entirely different from the present. 

The eastern boundary of the Rhine valley sub- 
sidence is apparently continued along the cross line 
of Mtimliswyl-Balstall. The downthrow of the fault 
IS here also to the west. Again, the western boundary 
of the Rhine valley, though this is more uncertain, 
niay perhaps be correlated with the cross valleys 
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which pass by Delle, Porrentruy, and St. Ursanne, 
continuing possibly by Sonceboz to Biel. 

The selection of Pontarlier for the line of railway 
has been determined by one of the geological events 
which has most profoundly affected^ tlie chain of the 
Jura. The displacement, commencing in the direc- 
tion of the valley of the Loue, and passing through 
it to the eastern end of Mont Tendre, has been 
utilised by rivers, roads, and railway lines. It passes 
nearly due S.N., and all the anticlinal and synclinal 
folds on the two sides of the line show a dislocation, 
sometimes amounting to 2 or 3 km. 

The Jura is very poor in rivers and streams. It 
consists mainly of calcareous strata, often much fis- 
sured, so that the rain sinks into the ground and 
reappears often in copious springs — named from one 
of the most celebrated “sources vauclusiennes” — 
where the water is brought to the surface by some 
more impervious stratum. 

In several cases the disposition of the ridges and 
the character of the rock is such, that the streams 
have no natural issue, and after a longer or shorter 
course under ground, reappear at some distance. 
Thus the Orbe commences in a closed valley. The 
upper part, or Vallee de Joux, is double, one branch 
being without any river, except a little streamlet 
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which runs into the Lake of Ter. The southern is 
traversed by the Upper Orbe, which falls into the 
Lake of Joux, and its continuation, the Lake of 
Brenet. Neither of these has any open outlet, but 
the waters escape by an underground passage, and 
reappear above Vallorbes. 

This had long been suspected, but was eventually 
proved in 1893 by M. Picard, who poured in some 
fluorescine, which after the lapse of 30 hours re- 
appeared in the source of the Orbe. 

Again the valley of La Brevine is a synclinal of 
Cretaceous rock, surrounded by Jurassic, and entirely 
closed. The waters escape through several swallow 
boles or “emposieux.” These, however, sometimes 
get choked, and the valley is flooded. 

It has been suggested, as already mentioned, that 
before the sinking of the Rhine valley at Basle, which 
opened a new route to the north, it belonged to the 
river system of the Danube; there is also some 
ground for thinking that at a subsequent period it 
continued its course W.S.W. to the Saone, and that 
the valley of the Doubs below St. Ursanne is in fact 
an old bed of the Rhine. This interesting point, 
however, can only be determined by further evidence. 

The southern limit of the Jura forms the great 
mountain wall, which, from the Lake of Geneva 
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north-eastwards to Bern, Freiburg, and Aarau, may be 
seen stretching along the north, without a break, from 
the Fort de I’Ecluse, where the Rhone crosses the 
Mont Vuache, to Montricher near La Sarraz. 

Some districts of tlie Jura have suffered greatly 
from the reckless destruction of forests, as, for in- 
stance, parts of Mont Tendre, whose dry and barren 
slopes were once clothed with luxuriant vegetation. 
It is unfortunately becoming evident that much arable 
land and pasture which, at great labour and expense, 
have been formed out of the primeval forest, will, 
with perhaps even more, have to be re-afforested 
again. 

The Jura mountains contain several interesting 
caves, often associated in popular tradition with the 
fairies, as the Temple aux F'ees near Longeaigues, 
the Grotte aux Fees near Vallorbes, the Beaumes de 
la Cote aux Fees, etc. The Grotte de Remonot on 
the Doubs was long used as a village church. 

Near Moutier a crack in the Upper Jurassic beds, 
which was exposed in preparing the foundation for 
a church, was found to contain many bones of 
quadrupeds belonging to the Eocene period, includ- 
ing three species of Palaotherium. Similar fissures 
containing Eocene fossils have been met with at 
Egerkingen, Ober-GOsgen, and elsewhere, showing 
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that dry land existed here during the Eocene pe- 
riod.* 

The celebrated asphalt of 
the Val de Travers (Fig. 81) ^ 

comes mainly from Urgonian strata. 

The valley is a synclinal, bounded, 
however, on the S.E. by a fault, 
which brings the more recent 
strata, from the Portland Beds to 
the Mollasse, directly against the 

Malm. 

As already mentioned, during 
the Glacial period the grand sheet 
of ice which spread over the whole 
central plain of Switzerland, rose 
to a great height on the slopes 
of the Jura. The glacier even 
rose over more than one of the 
cols, and streamed into the inner 
valleys as, for instance, by Ro- 
mainmotier into the Val de 
Vaulion. The Val de Travers 
has long been celebrated for the 
number of erratic blocks which it 



* Muller, Beitr. s. Geol. K. d. Schw., L. I. 
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Fig. 81.— Profile ol the Val de Travers. After Jaccard. 
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contains. In many places the rocks are ground and 
polished by the glaciers. 

The Rhine at Basle runs on a bed of gravel 30 
V metres at least in thickness, and the hills on each 
side are capped with a yellow, fine, sandy, marl 
known as “loess,” up to a height of 100 metres.* 

Most indeed of the valleys were once much deeper 
than they are now. The bottoms are filled up with 
gravel and alluvium, indicating the presence of bars 
which are now covered up. The alluvial deposits 
often attain a great thickness. Near Travers a pro- 
posed railway bridge had to be abandoned, from 
the difficulty of obtaining any sufficient foundation.** 

r.AKF, OF NeUCHATEL. 

The Lake of NeuchMel is about 24 km. in length, 
and 6 in breadth. It is 432 metres above the sea 
153 in depth. Unless therefore the gravel beds 
of the Aar are 500 feet deep it is also a rock basin. 
It is surrounded by marshes which used to cover 
50,000 acres, but a good deal of the area has now 
been drained. 

The Lake of Neuchatel and of Bienne at one 
time formed a single sheet. Indeed, the former lake 

* Miiller, Beitr. z. Geol. IC d. Schw., L. I. 

** Jaccard, Beitr. z. Geol. K. d. Schw., L. VI. 
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extended from Orbe on the west to Soleure on the 
east. The basin is formed by one, or rather two, of 
the longitudinal Jura valleys. I say two because a 
ridge of Marine Mollasse, commencing at the hill of 
Chamblon near Yverdun, runs along the centre of 
the lake, forms the Jolimont between the Lake of 
Neuchatel and Bienne, and continues along the centre 
of the Lake of Bienne, forming a ridge over 400 feet 
in height, and appearing above the surface as the 
Isle de St. Pierre. In fact, if the level of the water 
was reduced the Lakes of Neuchatel and Bienne 
would each be resolved into two narrow lakes; while 
if the water rose they would form a single sheet with 
the Lake of Morat. 
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CHAPTER XII. 

THE CENTRAL PLAIN. 

To the S.E. of the Jura is the great Central Plain 
of Switzerland, which is a plain however only in con- 
trast with the mountains by which it is surrounded, 
and in other countries would be regarded as an 
elevated hilly region. Thanks to its geological and 
climatic conditions, it is one of the richest and most 
genial parts of Europe. 

It extends in a S.W. and N.E. direction from the 
Lake of Geneva across that of Constance to Wtirtem- 
berg, and has an average width of about 30 miles. 

It is mainly formed of Miocene strata known as 
Mollasse; usually divided into — (i) Lower Freshwater 
Mollasse; (2) Marine Mollasse; and (3) Upper Fresh- 
water Mollasse; which, however, according to Kauf- 
mann, were in some cases being deposited simultane- 
ously; no doubt there were several alternations of 
sea, marsh, and freshwater. 

The Mollasse attains an unknown thickness. In 
parts of Vaud the upper beds alone reach over 1000 
metres. 
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In fact, during the Miocene period, the country 
between the rising Alps and the Jura was a basin 
occupied sometimes by the Sea, sometimes by a 
great lake and then by the Sea again. The rivers 
from the Alps brought down boulders, gravel, and 
sand, gradually filling up the hollow, depositing the 
largest boulders at the foot of the mountains and 
carrying the finer materials further into the plain. 
The water escaped first perhaps by the Danube; 
there is some reason to believe that at one time it 
flowed by the valley of the Doubs to the Mediter- 
ranean, and lastly through Germany northwards, car- 
rying the finer materials to build up the plains of 
Belgium and Holland. 

Then came a period of cold — the Glacial period 
— when rivers of ice gradually descended from the 
mountains, filled up the valleys, and eventually 
covered the whole of the lower country with a great 
sheet of ice. 

The Mollasse consists of beds of sandstone, marl, 
and, especially as we approach the Alps, of a coarse 
gravel known as “Nagelflue,” which is often cemented 
so as to form a hard conglomerate. The pebbles 
are occasionally crushed, sometimes compressed, and 
••he sandstone often shows ripple marks, like those of 
nur present sea-shores. 

Scenery of Switzerland, //. 
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Seams of coal occur throughout the Mollasse; 
they are, however, not of any considerable extent, 
nor of good quality, and are generally very thin, not 
exceeding two feet, and rarely more than a few 
inches. 

The character of the Mollasse in fact differs 
greatly in different localities, which no doubt indicates 
varying conditions of deposit, rather than difference 
of age. T.he beds are more compact towards the 
south and become looser in texture, more sandy and 
marly, as they approach the Jura. 

Fossils are rare in the Lower Freshwater Mollasse. 
Still there are some places in which they occur. The 
Nagelflue is almost without fossils. 

In the Marine Mollasse several hundred species 
have been determined, mostly marine shells. Re- 
mains of land animals occur, however, in the fresh- 
watei beds, including a Mastodon, two species of 
Rhinoceros, the Dinotherium, etc. 

The Upper Freshwater Mollasse is much richer, 
and contains the celebrated locality of Oeningen, 
neai the Lake of Constance, where, in strata evidently 
deposited in a shallow and quiet lake, have been 
found the remains, beautifully preserved, of no less 
than looo species of insects, about 400 plants, and 
many vertebrates. 
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At the close of the Mollasse period the great 
Swiss plain must have been nearly horizontal, but its 
elevation above the Sea was probably not entirely 
Uniform, and some inequalities were thus produced. 

The present hills, however, are mainly due to un- 
equal erosion; the hard Nagelflue especially has been 
able to resist the destructive action of time and 
weather. 

Towards the south boundary the Mollasse is 
thrown into two well-marked arches, separated by a 
Synclinal line, marked blue on the Swiss geological map. 

The anticlinal line runs south-westwards from 
Bavaria to the valley of the Rhine, a little south of 
Bregenz, on the Lake of Constance, then to the Lake 
of Zurich, passing along the Obersee to Uznach, 
then across the Lake of Zug at Oberwyl, so to 
I-ucerne, bends sharply south near Schangnau, crosses 
the Aar near Kirch dorf, by Guggisberg on the Sense 
to Lausanne, and finally in a more accentuated form 
gives rise to the Mont SaRwe (Fig. 78), south of 
*jeneva, where the arch is broken and the Jurassic 
und Cretaceous strata become visible. This great 
3 -nticlinal has a length of not less than 370 km.* 
^t its southern limit the Nagelflue appears, though 
this is not yet absolutely proved, to be in some 
* Favre, Reck. Ge'ol., vol. 1. 


3 


36 


SCENERY OF SWITZERLAND. 


places turned over on itself, so that we should in 
this case have a repetition of the conditions of the 
Jura {see p. i8); nearly horizontal strata to the 
north, then a series of folds, becoming more and 
more accentuated to the south, and finally turned 
over at the south edge. 

To this, however, I shall refer again in the next 
chapter, and will here only observe that it would ac- 
count for the enormous thickness of the Nagelflue at 
the Rigi; and also for the want of conformity be- 
tween the strata, where the Nagelflue and Cretaceous 
strata meet, as, for instance, at the Vitznauerstock 
on the Lake of Lucerne. 

The rivers are now mostly cutting into the old 
river terraces, and deepening their beds. 

The elevation of the Alps, as already mentioned, 
commenced during the Eocene period, but was much 
more active during the Miocene. 

The last period of compression and folding was 
later than the Miocene period, for we find the whole 
series of sedimentary strata from the Verrucano to 
the Miocene folded together. 

Between the Alps on the south, the Jura and 
the Black Forest on the north, the great plain of 
Switzerland was under water and received the 
material brought down by torrents from the rising 


THE CENTRAL PLAIN. 


37 


mountains. These deposits, forming the Nagelflue, 
consist of coarse agglomerates and gravels. 

The pebbles of the Nagelflue are often more 
or less flat, and such pebbles are frequently ar- 
ranged somewhat like the tiles of a roof, so as best 
to stand the current. They therefore indicate the 
direction of the streams, showing them in general to 
have run from S.E. to N.W. They are larger near 
the Alps, as for instance at the Rigi and the Napf; 
and get gradually smaller to the north. Exceptions 
may no doubt be found, and along the Rhine the 
gravels contain some large blocks and pebbles of 
Jurassic limestone. These, however, belong to the 
Black Forest, and have come from the north. 

Dr. Frlih* has made a careful examination of the 
pebbles forming the Nagelflue. Many come from the 
neighbouring Flysch. Of many the origin cannot be 
determined. Pebbles, for instance, from the Flysch 
and the Idas are in many cases indistinguishable, 
unless indeed they contain fossils. These are un- 
fortunately very rare. Neither Rutimeyer nor Fruh, 
in spite of most careful search, have found any 
fossils in the great mass of Nagelflue forming the 

Rigi. 

Heim, however, has met with fragments of Triassic 
* Neue Denkschrif telly 1890. 
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corals, and m other districts fragments of Belemnites; 
such pebbles cannot belong to the Tertiary period,' 
Belemnites being then already extinct. 

It is remarkable that many of the pebbles of the 
Nagelflue seem to be exotic, that is to say, they do 
not belong to rocks found in the neighbouring 
mountains. We find scarcely any blocks or pebbles 
of the Granite, Gneiss, and Crystalline schists which 
now form the central mountain range of the Alps. 
Amphibolite, Serpentine, Verrucano, and other rocks 
which we should have expected to meet with, seem 
to be entirely absent. At the time of the Nagelflue, 
however, these rocks were covered to a great depth 
by the sedimentary strata. Some of the pebbles do 
not agree with any rock now found in or ncoar the Alps. 
It has, however, been suggested that some of these 
may really have been derived from the Alpine rocks, 
but before the enormous pressure had brought them 
into their present condition. The Nagelflue is 
evidently a gi avel formation — an enormous cone 
deposited at the northern edge of the Oligocene and 
Miocene Alps. 

The sources of certain pebbles can, however, be 
ascertained with great probability, and Friih con- 
cludes that the rivers came from the S. and S.E. 
Hie watershed was then further south than it is at 
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present, and he even believes that the rivers drained 
not only the nearer Alpine districts, but the Vorarl- 
berg, the Orisons, North Tyrol to beyond Botzen, 
the Val Tellina, and the north of Italy, even to the 
hake of Lugano and of Maggiore. The Middle Rhine, 
Reuss, Inn, etc., extended considerably further south. 
Several of the smaller streams, such as the Carassina, 
belonging to the Val Blegno, the Forno and Albigno 
and upper waters of the Maira, which now run into 
the Val Bregaglia to Lombardy, still show by their 
direction and their terraces that they originally be- 
longed to the river system of Switzerland. 

“The pebbles of the Nagelflue,” says Bonney, 
“indicate that this river, instead of flowing as the 
Reuss now does for the greater part of its course 
over crystalline rocks, was then engaged in removing 
the overlying sedimentaries, and had only here 
and there cut down into the Granitoid Gneisses and 
Schists.” * 


Glacial Deposits. 

Over the Tertiary strata lie vast masses of glacial 
deposits which increase in thickness as we approach 
the Jura, and cover the whole district with the ex- 

* The Growth and Sculpture of the Alps, Tyndall Lec- 
tures, 1888. 
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ception of a few of the highest parts, as for instance 
the district of the Napf. 

These deposits can be traced from their extreme 
limits at Lyons, high up on the Jura, and along the 
Aar, right up to the modern glaciers. Moreover, the 
characteristic rocks retain the same relative position. 
Many of the rocks and stones which it brought down 
are found in several localities, but some are con- 
fined to special districts. Cxuyot* specially mentions 
the Puddingstones from the Dents de Morcles, the 
white Granite of the Upper Valais and the Galen- 
stock,^ the Euphotides of the Saas Valley, the 
Arkesines of the Allelin Glacier and the Val d’Herens, 
and the Protogine of the Mont Blanc range. These 
do not mix, but occupy the same relative positions 
at the end of the ancient glacier; the Puddingstones 
of the Dents de Morcles at Guggisberg; the Upper 
Valais rocks between Schwarzenberg and Kdniz 
(near Bern); the Euphotides at Bern and Bourgdorf; 
the Arkesines at Seeberg; and the Mont Blanc Pro- 
togme at Aarwangen. 

I have already indicated the borders of the great 
glacial sheet (vol. r. p. igg), and referred to the 
reasons long ago brought forward by Morlot for be- 
lieving that the Glacial period was not one of con- 
* hull, Soc. Sc. Nat. Neufchatel^ vol. i. 
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tinuous cold, but that it was interrupted by more 
genial periods. 

Fig. 82 represents a section across the valley of 
the Aar, from l.euggern to Klingiiau, a short distance 
above Coblenz. It is a general character of the 
Upper terraces to be capped by loam or “Loess,” 
the deposit of ancient floods before the present river 
valleys had been cut down to their present depths. 

Most of the river valleys originated before the 
Glacial period, and the main erosion seems to have 



Fig. 82. — Section of the Valley of the Aar. 


been completed before the second Ice age. That 
they were occupied by glaciers during the second and 
third Glacial periods (see Map, vol. 1. p. 136) is proved, 
as already mentioned, by the existence of numerous 
terminal moraines crossing the valleys, and lateral 
moraines lining the hills along the principal river 
Valleys; as for instance the Aar, especially from Thun 
to Bern, the Subr from Sempach to Wittwyl, the Aar 
from the Baldegger See to Lenzburg, the Reuss from 
Klein Dietwil below Lucerne to Mellingen, the Valley 
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of the Limmat from Rapperschwy], on the Lake of 
Zurich, to near Baden. 

Besides the actual moraines and the erratic 
blocks, the glaciers as they retreated, and the floods 
arising from the melting of the ice, left great masses 
of so-called “Diluvial” gravels, which occupy much 
of the valley bottoms, not having even yet been com- 
pletely re-excavated by the rivers, and as we ap- 
proach the Jura even form the hills, the valleys being 
occupied by comparatively recent river deposits. 
Thus the river Lorze runs on this gravel from the 
Lake of Zug as far as Baar: at Lucerne the gravel 
has been pierced to a depth of 30 metres without 
reaching the bottom; in several places it attains a 
thickness of even 60 metres.* The river Langeten 
near Roggwyl sinks almost entirely into the gravel, 
so that it disappears except in very wet weather,’ 
rising again in several strong springs a little further 
down the valley. The surface of the gravel beds is 
very irregular, and often gives rise to small lakes, as 
for instance the Maiiensee, Bibersee, Finster See, 
Rothsee, etc. Several of the present peat mosses 
were formerly shallow lakes of this character. The 
Baldegger See and Hallwyler See are separated from 

* Kaufmann, Beitr. z. Gcol. K. d. Schzc., L. xi. 
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one another by this Quaternary gravel, which indeed 
has so much raised the bed of the whole valley of 
the Aa, that the bottom of the Baldegger See is at 
the same level as Lenzburg many miles down the 
valley.* 

Round the Lake of Geneva, especially on the 
south side, but also elsewhere, as for instance round 
Aubonne, the glacial deposits attain a great thick- 
ness. The ravines, though deep, are excavated al- 
together in them, and rarely penetrate to the Mollasse. 
They are moreover very impenetrable, as shown by 
the great detour which they compel the Versoix to 
make on its way to the lake. 

To these glacial deposits the lowlands of Switzer- 
land owe much of their great fertility. 

Kaufmann** and Gremaud*** attribute much im- 
portance to these deposits in determining the present 
courses of the rivers. They point out that while some 
comparatively large streams, such as the Sihl, run 
in narrow valleys, others, such as the Suhr, occupy 
much wider ones, out of all proportion to the water 

* Beitr, z. GeoL A' d. Schw., L. XT. 

** JMd. 

*■** “Etudes sur les vall6es de Fribourg,” Bull. Soc. Sc. 
Nat., 1888. 
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supply, and the size of which they account for by 
glacial action, especially as these wider valleys occupy 
just the courses of the ancient glaciers. 

Por instance, the Rohnthal runs almost from the 
lower end of the Lake of Sempach westwards to 
Scholz on the River Wigger. 'fhis broad valley is 
drained by a little stream, the Rohn, and instead of 
narrowing upwards, retains almost its full width. A 
little to the north again is the valley of the Hurn- 
bach, which presents very similar characteristics. 
Kaufmann explains these features by suggesting that 
the glacier which came down the valley of the Suhr 
w-as obstructed by the hill of Wohlen below the Lake 
of Sempach, and broken up; one branch passing 
down the present valley of the Suhr, another down 
that of the Rohn, while a portion of the ice sur- 
mounted the hill and continued in a direct course 
down the valley of the Hurnbach. The pressure of 
the ice caused by this obstacle may possibly account 
for the depression now occupied by the I,ake of 
Sempach. The valley of the Bienz, to the west of 
the Reuss, which is out of all proportion to the size 
of the present stream, was perhaps occupied by the 
Reuss m ancient times. The valley contains several 
moraines, especially at Othmarsingen, where evidently 
for a considerable time was the head of the glacier. 
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and below which the valley alters its character, be- 
coming much narrower. 

Another “dead” valley leads from the Aar at 
Wildegg, below Aarau, to Mellingen in the valley of 
the Reuss. It probably marks the ancient bed of the 
Aar before that river had acquired its present course 
through the Jura north of Lenzburg. 

Gremaud has subsequently called attention to 
other similar cases. 

The Kleine Emmen rises north of Interlaken and 
has a well-preserved old valley across the plateau to 
the Aar at Aarburg, but has now abandoned its old 
course at Wiggern, and turns sharply round to the 
east, following a trough which carries it to the Reuss 
below Lucerne. 

The river system round Bern is also curious and 
interesting. From the direction of the upper Sense 
the natural course of the river would be by Wangen 
to Bern, and along the valley of the Urtenenbach to 
the Aar Valley below Soleure. In fact tlrere is here 
a broad valley, apparently once the bed of a con- 
siderable river. At present, however, it is occupied 
by three streams. In the upper part, by the Sense 
itself, which, however, near ThOrisch turns at a right 
angle to the west and falls into the Sarine. Below 
I'hbrisch is a small brook which falls into the Aar 
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near Bern, and turning at a right angle also joins the 
barine. Lastly, the lower part of the valley is oc- 
cupied by the Urtenenbach which joins the Emmen 
and falls into the Aar below Soleure. 

It is clear indeed that there are many dead val- 
eys which have once been occupied by rivers, but 
which are now dry; such as the Klettgau between 
chaffhausen and Basle, which was probably once the 
course of the Rhine, and at another time perhaps of 
Glatthal, between the Upper Lake of Zurich and the 
the Aar; the Rhine at Kaiserstuhl, which was pro- 
bably one of the beds of the Limmat; the valley from 
Oerhkon, by Katzensee to Wettingen, which was also 
once occupied by the Limmat. In some cases the 
rivers have been forced to change their courses by the 
enormous masses of glacial deposits. Thus the Sihl 
was probably cut off from the Lake of Zurich, and 
compelled to adopt its present course parallel to the 
lake, between the Albis range and the great lateral 
Moraine which forms the low ridge of hills along the 
west side of the lake. The Aar again appears to 
have been excluded from its old course down the 
Gauthal by the moraine at Soleure, and driven to 
excavate a new bed in the Mollasse.* 

It IS interesting that these deserted valleys not 
* Du Fasquier, Bcitr. z. Geol. IC d. Schw., L. xxxi. 
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only contain thick deposits of river gravel, etc., but 
also show the usual terraces along their sides. 

The remarkable case of the Venoge has been 
already described (vol. i. p. 227). 

The Aar at Aarberg and Schinznach, the Reuss 
at Mulligen, and the L.immat at Baden, have sawn 
their way through Jurassic ridges. The Sarine cuts 
through several mountain ranges.* If these had 
risen more rapidly than the rivers could cut through 
them, lakes must have been formed, and it is even 
possible that for a time such lakes may have 
existed. 

It is clear then that the courses of the ancient 
rivers were in many cases very different from those 
of the present day. 

But although these considerations explain to a 
great extent the general direction of the river courses, 
there are not a few cases, as for instance in the 
north of the Canton of Vaud, and south of Fribourg, 
where they are far from easy to understand. Gillieron 
points out that the character of the Flysch which 
forms the district makes it difficult to distinguish the 
structure of the mountains, and that it is impossible 
at present to form any idea as to the original relief. 

* Musy, “Disc. pron. ii I’ouv. de la 74^ sess.,” Ann. Soc. 
Ilelv. Fribourg, iSqi. 


48 


SCENERY OF SWITZERLAND. 


The arrangement, both of the Marine and Fresh- 
water MoIIasse, makes it probable that the drainage 
of Switzerland was then eastwards by the Valley of 
the Danube to the Black Sea. The openings which 
now carry the waters of the Valais westwards to the 
Valley of the Saone and so to the Mediterranean, 
and of the Aar and the Rhine by Brugg and Basle 
to the North Sea, were not yet in existence. The 
Tertiary strata of France and Germany have no con- 
nection with those of Switzerland, and were evidently 
separated by dry land-by the Jurassic chains. The 
subsidence which has given rise to the Rhine Valley 
from Basle northwards, and the erosion of the Rhone 
Valley at Bellegarde, are therefore long posterior to 
the period of the MoIIasse. 

The Rhone was eventually shut off at Mormont, 
between the Lakes of Geneva and Neuchatel, the 
Aai at Baden, while the subsidence between the 
Vosges and the Black Forest opened a way for the 
Rhine to the north. The rivers Iheii adopted their 
present courses, the Rhone to the Mediterranean, the 
Aar and the Rhine to the North Sea, thus depriving 
the Danube of a very large part of its original terri- 
tory. It is evident that these changes must have 
taken a long time, though from a geological point of 
view they are very recent. The evidence of many 
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changes in the course of the Rhine from Eglisau to 
Coblenz indicates this, as well as the fact that 
neither the Rhone, the Rhine, nor the Aar have yet 
been able to regularise their beds. They are 
divided by ridges into distinct sections with different 
inclinations. 

The result of the general inclination of the plain 
is that the Lower Aar runs at the foot of the Jura, 
and that a succession of rivers, the Upper Aar, 
Emmen, Suhr, Aa, Reuss, Limmat, Glatt, Toss, and 
Thur, at approximately equal intervals, run from S.E. 
to N.W. into the Aar and the Rhine. 

But while it is clear that the rivers formerly ran 
at a much higher level than the present, and have 
excavated their valleys, the great deposits of river 
gravel, etc., show that the valleys were at one time 
even deeper than they are now, and were sub- 
sequently filled up to a certain height. The present 
period is again one of erosion. The rivers are at 
present deepening their beds, but in the lower por- 
tions of their course have only cut down to their 
former level in a few places, as, for instance, the 
Limmat below Baden. In others where this is ap- 
parently so, for instance the Aar at Brugg, and 
the Rhine near Irchel, Kaiserstuhl, Laufenberg, and 
Rheinfelden, though the present bed is cut into the 
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rock, this is due to a change in the course of the 
river. The old river gravels at the Brugg railway 
station, and south of Laufenberg, are much deeper 
than the present river. 
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CHAPTER XIII- 
THE OUTER-ALPS. 

The outer chain of the Northern Alps consists of 
Eocene and Secondary strata thrown into a series of 
folds, and running from SW. to N.E. They extend 
far into Austria on the east, forming the north part 
of the Voralberg, and into Savoy on the west, but so 
far as Switzerland itself is concerned they commence 
in the valley of the Rhine at the east end of the 
Lake of Constance, form the Sentis Mountains, aiid 
the Churfirsten over the Walen See, extend by Ein- 
siedeln and Schwyz to the Lake of Lucerne, stretch 
away to the Lake of Thun, and then form a grand 
curve with its convexity northwards, reaching almost 
to Fribourg, and so to Vevey and Montreux on the 
Lake of Geneva, to the south of which they extend 

into the Chablais and Savoy. 

They form a complicated network, which on an 
ordinary map shows no regular arrangement; the 
configuration of the surface has been greatly affected 
by folds, fractures, faults, and denudation, and the 
structure is in many places still an enigma.* 

* Schardt, “ Struct. Geol. des Prealpes,” Afi. (Geneve) 1892. 
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They are as a rule more folded and contorted 
than the Jura, but less so than the central chains. 
The arches, however, though less compressed, are 
more often fractured at the summit,* pointing to a 
difference of conditions. Possibly the explanation 
may be that the compression was more rapid or 
nearer to the surface. 

The Eocene strata often lie in troughs between 
Jurassic and Cretaceous mountains, and it has been 
supposed by some geologists that they were deposited 
m bays or fiords. It seems, however, now to be 
established that the Eocene strata were formerly 
continuous, that the elevation of the Jurassic and 
Cretaceous mountain ranges is of more recent date, 
and that where the Eocene strata are absent this is 
due to denudation. The presence of fragments of 
Eocene, as for instance on the summit of the Ganterisch 
near Bovatez, between the Jaun and the Montelon 
(though too small to be marked on the map), seems 
conclusive on this point. 

hi many places the Secondary strata have been 
considerably reduced in thickness by the tremendous 
pressure to which they were subjected during the 
process of folding. This is the case for instance on 

Favre and Schardt, Beitr. z. Geol. A', d. Schiv., L. xxii. 
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the north-west of the Mattstock in the Sentis, where 
(Fig. 83), the Urgonian (U) is reduced from its normal 
thickness of 220 metres to 30 metres, or to ^th, the 
Gault from 70 metres to 10, and the Seewerkalk 



from 100 to 12, or to ’th. On the northern limb of 
the Gulmen Arch the Seewerkalk is reduced to 
of its original thickness, while elsewhere the strata 
form mere shreds or detached lens-like masses, and 
finally in some cases disappear altogether.* 

In Schardt’s opinion the Mt. Cubli, Moleson, 
Rochers de Naye, etc. form a great overthrust con- 
tinued in the Chablais on the other end of the lake, but 
cut across by the great transverse valley of the Rhone. 


Burckhardt, Beitr. z. Geol, A. d. Schw.^ L. xxxii. 
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Sentis Mountains and the Lake of Walenstadt. 

The Sentis group and the Churfirsten occupy the 
triangle between the Lake of VValen and the Rhine. 
They are formed mainly of Cretaceous strata with a 
mantle of Tertiaries at their feet. 

The Sentis Mountains occupy the northern and 
wider part. They trend from N.E. to S.W. The 
N.E. end consists of six ridges, due to as many 
folds, the ridges being often Urgonian : they gradually 
coalesce a little north of Wesen into two, the 
Goggeyenberg {with the Hadernberg), and the Matt- 
stock (Fig. 83), and finally to one in the Kupfenstock. 
The ridges are generally anticlinal, but the highest 
summit is at the place where two synclinals meet one 
another. In the Churfirsten, which overlook the Lake 
of Walen, the strata (P'ig. 26) are folded into a com- 
plete S. The configuration of the surface has been 
less affected by denudation in the Sentis than in most 
other Alpine districts.* 

From the Sentis Mountains a glacier formerly 
streamed to the N.W., occupying the country between 
the Sitter and the Thur. The Walensee is a long 
valley originally due to a trough-like depression, the 

* Heim, Mech. d. Geb. vol. II. See however Rothpletz, 
Geotektonische Prohlerne, 
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strata being actually folded back on themselves. The 
Strahlegg is a ridge of Urgonian. 


The Rigi. 

The Rigi (Figs. 84, 85, and 88), as already 
mentioned, is the southern slope of a great arch of 


Miocene Puddingstone, the summit and most of the 
north slope having disappeared. It is a gigantic bed 
of gravel brought from the mountains to the south. 



Souirlipa,, 
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Fig 84.-Section across tlic Rigi seen from the North, and showing 
^ RocktaU of the Rossberg. 
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The thickness of these gravel beds at the Rigi 
(some 5000 feet) is enormous, and they appear to 
ave been folded back upon themselves, though the 
evidence is not as yet conclusive. The mountain 
forms a long ridge. At the east end the Mollasse 
beds abut against Eocene and Cretaceous strata 
which form the Hochfluh. The Rossberg is a con- 
tinuation of the Rigi. From this mountain came the 
gieat rockfall of 1806 (chap. xxn). The railway 

passes over the rockfall, and enormous blocks may 
Still be seen. ^ 


It is indeed a wonderful geological lesson to 
stand on the summit of the Rigi and use the eyes 
and the brain. The view is magnificent. We see 
seven lakes, those of lAicerne, Zug, Lowerz, Egeri, 
Baldegger, Hallwyl, and Sempach. To the north is 
the rich^ plain of Switzerland, and we can trace 
several rivers running nearly parallel with one another 
towards the Aar; to the west is the grand mass of 
latus, of great geological interest, and fascinating 
from Its medimval traditions; to the east the Rossberg 
still showing the scar of the great catastrophe of 1806 
and the two mysterious Mythen; to the south, range’ 
after range of mountains, culminating in the giants 
of the Bernese Oberland. Greatly as these latter 
appear to difter in height when we are near to them. 
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as we look from such a point of vantage as the Rigi, 
we see that in reality the level is very uniform, the 
differences and the valleys being mainly due to 
denudation. Under our feet is a gigantic gravel bed 
stretching completely down to the Lake. 

Now, what are the lessons which this gravel 
teaches us? 

1. It is obviously a gravel of mountain torrents, 
but which has come a considerable distance, for it is 
well rounded, and contains blocks up to i or even 
2 feet in diameter. 

Well-rounded gravel implies transport for a con- 
siderable distance. Bonney* mentions that the gravel 
of the Stura after a course of 38 miles was still sub- 
angular, and in the Sesia after 60 miles still only 
moderately rounded. 

2 . The character of the pebbles proves that it 
has come from the south. 

3. This is also shown by the position of the 
pebbles, the flatter ones being arranged, as in modern 
streams, so as to offer most resistance to the current; 
and the position in this case shows that the stream 
came from the south. 

4. The deposition of the gravel must have taken 
a prodigious time. Not only do the beds extend 

* Geol. Mag. 1888 . 
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from the summit right down to the lake, but, as 
shown in Fig. 84, they slope from the Kulm to the 
Scheidegg. Those on the summit of the Kulm do 
not therefore correspond to those on the summit of 
the Scheidegg, but so to say to those 500 feet below. 
It is obvious tliat the Scheidegg layers were once con- 
tinued over the Kulm. Even therefore if we assume 
that they represent the real uppermost layers (and it 
is certain that there must have been others which 
have been removed), we must add say 500 feet, to 
the present height of the Kulm. This being 4500 feet 
above the level of the lake, by adding these 500, we 
get a thickness of no less than 5000 feet of gravel! 

5. Gravel cannot be deposited on the top of a 
mountain. It must be formed by running water, 
either on a coast or in rivers — in the present case 
by rivers — and must therefore have been deposited 
at a relatively low level. As the rivers originally ran 
from the mountains to the S.E., the slope of the 
gravel must have been towards the N.W., whereas it 
is now towards the S.E., so that the gravel beds 
must have been tilted so as to dip in a direction 
the reverse of their original slope. That they do so 
slope we see clearly both from the lake and as we 
ascend. If, moreover, we examine the cliffs over- 
looking the plain we shall find that, as shown in the 
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figure, tire layers of gravel dip in towards the hill in 
the direction of the Scheidegg. They were in fact 
originally continued so as to form a great arch, the 
summit of which was (Fig. 85) approximately over 
the Bay of KUssnacht, and the north-west side im- 
mediately on the other side of the bay, where the 
strata are nearly horizontal, rising however almost 
immediately into another arch, which forms the 
Rooterberg. We must therefore allow for another 
long period, during which the summit and north-west 
limit of the arch were destroyed and removed. 

6. The actual pebbles themselves have been care- 
fully studied by Dr. FrUh, whose Memoir has been 
referred to in the previous chapter, and I will here 
only refer briefly to three points. 

1. If the central mountain ranges had been as 
they now are, much of the gravel must have been 
derived from the Jurassic and Crystalline rocks, but 
these are comparatively scarce, no doubt because at 
the time the gravel was being carried down the 
central rocks now exposed were covered by thick 
beds of the younger Secondary strata which have 
now disappeared. 

2. Some of the pebbles are fragments of rocks 
as yet only found on the Italian side of the cential 
ridge. They cannot of course have been brought 
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over such a ridge, and they suggest therefore that 
the watershed was once considerably to the south of 
its present line. We shall find other evidence in 
corroboration of this interesting fact. 

3. Others of the pebbles differ from any rock 
now found m situ. It has been suggested that this 
is because since their removal the parent rocks have 
been so compressed and contorted that their char- 
acter and structure have been materially altered. 

Ihe features presented along the line of contact, 
between the Miocene and Eocene, present much dif- 
ficulty, and have given rise to various hypotheses. 
The strata are generally conformable, but this is by 
no means always the case; for instance the Miocene 
strata of the Rigi abut against the steeply inclined 
Eocene and Cretaceous beds of the Vitznauerstpck 
(Fig. 85). These cases have been accounted for by 
supposing certain districts to have sunk, and great 
overthrusts to have taken place. 

Buickhardt explains the general concordance, 
and occasional cases of discordance, by supposing 
that m the latter the Miocene strata were deposited 
in deltas. For instance, Fig. 86 is a diagram re- 
presenting a deposit of Miocene strata in a delta. 
Now suppose a fold to take place, we should have 
the arrangement shown in Fig. 87. If then sub- 
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sequently denudation took place to the dark line X, 
the comparatively soft Eocene strata suffering most, 



Fig. 86.— Diagram showing North shore of Alps in Miocene Times. 

\ve should have a section not unlike that of the Rigi 
and the Vitznauerstock (Fig. 85, ante, p. 55). 



Fig. 87. — After elevation of Alps. 


Mount Pilatus. 

Mount Pilatus consists of Urgonian, Neocomian, 
Cretaceous, and Eocene strata strongly folded. The 
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ridges are mainly formed of Urgonian. Kaufmann* 
describes five successive folds at the north extremity, 
which is the summit. Towards the south-west these 
folds are reduced to three. It well deserves its 
ancient name of Mans fractus — the broken moun- 
tain. 

From Staad, at the extremity of the Lake of 



Alpnach, the railway rises with a very steep gradient 
on the south-east flank of the mountain. It crosses 
obliquely first the Eocene, then Urgonian, as far as 
the torrent of Wolfurt, where it crosses the first 
Neocomian anticlinal. It then enters the Eocene 
synclinal of Matt, touches the calcareous summit of 
Esel, and terminates on the precipitous slope of 
Urgonian. 

The two hotels (Bellevue and Pilatus Kulm) are 

* Beit, z, Geol, K, d, Schw.y L. v. 
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situated at the extremity of the Eocene synclinal, 
ensconced between the two banks ofUrgonian which 



Fig. 89.— Section through Mount Pilatus. 


form the principal summits of the mountain — the 
Esel and Oberhaupt. 

Behind the hotels, a zigzag path crosses the ridge 



of Urgonian by the Kriesiloch, and traversing the 
folded Neocomian strata descends to the Klimsen 
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Hotel, which is situated in another Eocene synclinal. 
The two principal ridges of the mountain, those of 
the Tomlishorn and Matthom, are formed of Schrat- 
tenkalk (Urgonian), while the valley which separates 
them is an Eocene synclinal — a continuation of that 
in which the Hotel Bellevue stands. 

Glarnisch Double Fold. 

In some cases the strata have been pushed for 
considerable distances one over the other — a fact 
which might seem incredible, but of which we have 
well-established instances in the Scotch highlands and 
elsewhere. 

One of the most wonderful cases occurs in the 
mountains between the Linththal and the Rhine. 
The strata have been compressed in a great double 
fold, as is shown in Fig. 91. 

This double fold seemed so incredible that Studer, 
by whom it was first observed, hesitated to publish 
it. The subsequent researches of Heim, in his opinion, 
however, place it beyond a doubt. Fig. gi is a sec- 
tion from the Walen See, showing the remarkable folds 
of the Churfirsten, to the Rhine valley at Waldhaus 
Films. 

The manner in which the double fold dies away 
towards the east has not yet been clearly explained. 
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The Glarnisch and the Silbern also present a 
stupendous example of inversion, the strata being 
folded back upon themselves, so that we have Num- 
mulitic limestone at the base, followed by Jurassic 
and Cretaceous strata. 



I ought however to say that Rothpletz * has pro- 
pounded another explanation, based on faults and 
overthrusts, which however also involves tremendous 
changes. 

Klippen. 

I have reserved to the last the consideration of 
certain mountains, for instance the Mythen, Stanzer. 

* Geotektonische Probletne, 

Scenery of SwHzerland. II. 
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horn, Buochserhorn, and others, known as “Klippen,” 
which present problems of great difficulty. 

It has been already mentioned (ante, p. 58) that 
the Nagelflue gravels consist in part of pebbles of 
unknown origin. 

The blocks of granite known as Habkern Granite, 
because they exist by thousands in the Habkern 
valley on the Lake of Thun, belong to a variety which 
does not occur anywhere in the Alps. Prof. Heim 
suggests that they perhaps represent some of the 
Alpine Granite before it was crushed and folded 
during the elevation of the Alps. 

The blocks are sometimes of great size; the 
Berglittenstein on the Grabserberg, for instance, has 
a length of 40 feet.* Another is 105 feet tong by 
90 broad and 45 feet above ground.** In some 
cases they attain the dimensions of small hills, so 
that we have in fact every gradation of size from 
a mere pebble to such a mountain as the Stanzer- 
horn. 

Fig. 92 represents a section of the Roggenstock, 
and it will be seen that the more ancient Triassic 
and Jurassic rocks rest on the more recent Eocene 

* Quereau, Beitr. z. Qeol. d. Schw., L. XXXlii. 

** Murchison, “Structure of the Alps,” Q.J'. Geol, Soc.y 1848. 
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beds, below which again are Cretaceous strata in 
regular arrangement, and with regular normal folds. 

The strata in the “Klippen” slope in the most 
different directions; they are sometimes in the normal 
Order; sometimes, as for instance in the case of the 
Roggenstock, reversed, the younger ones overlying 
the older; the different kind of rocks are mixed to 

^CtC«a*Wok SIIPV* 4SI ft* 



Cw, IVangschicMcn ; Cs, Chalk: H, llaupldolomite Jurassic ; 
R, Raibler Mergel. 

Fig. 92.— Section through part of the Roggenstock. 


gether in the utmost confusion , they are fractured, 
crushed, contorted in the most extraordinary manner, 
penetrated by veins, crossed by innumerable sur- 
faces of sliding, and in fact have evidently been sub- 
jected to the most extreme violence, while the Cre- 
taceous and Eocene rocks below lie comparatively 
undisturbed. 

The “Klippen” form most conspicuous features 

5 * 
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in the landscape. To use Kaufmann’s graphic ex- 
pression they are “eckig, hockerig, rissig und rauh,” 
and rise in abrupt pyramids with steep, sharp points 
in striking contrast with the rounded grassy slopes 
of the Eocene and Cretaceous layers by which they 
are surrounded and on which they rest. 

Four theories have been suggested to account 
for these remarkable mountains. First, that they 
were pushed up by subterranean forces through the 
more recent beds; second, that they were islands in 
the Sea and that the more recent beds were de- 
posited round them; thirdly, that they are part of 
an inclined fold, of which the upper part has been 
removed by denudation; and fourthly, that they are 
the remnants of great overthrusts. 

It seems clear that the first supposition is un- 
tenable. The “Klippen” have no “roots.” They 
rest upon the more recent strata. The Schien group 
to the N.E. of Schwyz is cut to the base by a 
stream, so that it takes the form of a U, and the re- 
sult is to expose the Flysch, and show that the other 
rocks actually rest upon it.* 

Moreover, the more recent strata show little 
evidence of disturbances; they present no traces of 
the fracture and crumpling which they must have 
Quereau, Beitr, z, Geol. K. d, Schw.^ L. xxxiir. 
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undergone if the “Klippen” had been forced up 
through them. 

The second suggestion, namely, that they were 
Islands in the Eocene and Cretaceous seas, is also 
untenable. The Eocene and Cretaceous strata sur- 
rounding the “Klippen” were evidently deposited at 
u distance from land. They do not contain the 
remains of a littoral fauna; and if the “Klippen” 
had stood up in the form of lofty islands, many 
pebbles from them must have been deposited in the 
surrounding waters. 

Nor do the Klippen appear to be the mere 
remnants of an overlying fold. It would be some- 
what difficult to condense the strong geological 
evidence brought forward by Quereau against this 
theory. I may however mention one reason, namely 
that the rocks of the “Klippen” present a very dif- 
ferent facies from those of the same age in the im- 
mediate neighbourhood; for instance, the Neocomian 
of the Roggenstock differs greatly from the Neocomian 
of the surrounding district. The basis of the “Klip- 
pen,” moreover, where they rest upon the Eocene, 
is a breccia, indicating that the 'upper strata have 
been forced bodily over the lower. 

We find ourselves then driven to the conclusion 
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first suggested by Bertrand* that these mountains 
have been literally pushed into their present position; 
that they are the last remnants of a range which 
has disappeared. The range was once continuous 
or nearly so, the fragments remaining, though now 
towering over the surrounding plains, owe their pre- 
servation to having been originally in a deep trough. 
The “Klippen” attain still greater importance to the 
west, where they form the mountain groups of the 
Stockhorn and the Chablais. 

Hang** and Lugeoii have suggested that the 
strata have been forced to their positions from the 
Brian§onnais, before the elevation of the intervening 
mountains: that the whole of the Pre-Alps from the 
Arve to the Lake of Thun in fact is a vast zone of 
overthrusts from the other side of the range of Mont 
Blanc. No doubt the strata present very much the 
same aspect as those of the Brianfonnais, and 
were evidently continuous; but while the existence 
of an overthrust seems to be demonstrated, further 
evidence is still required as to the locality from 
which they were brought. 

Other great cases of overthrust extending for 

* Bull. Soc. Geol. France 1884. 

** Hang, U Origine des Pre-Alpes Romandes. 
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several miles have, as Quereau points out, been 
established in Scotland, in Provence, in the Appa- 
lachians, and as we have already seen, by Heim m 
Glarus. 

However improbable, not to say impossible, this 
explanation may at first sight appear, we must 
remember the enormous disturbances of which we 
have the clearest proof. As already mentioned it 
has been calculated that the strata which lie between 
Basle and MUan, a distance of 130 miles, would, 
when extended, have occupied 200 miles. 

The origin of the “Klippen” is still, however, a 
matter of discussion, and M. Ch. Sarasin,* and 
M. Schardt,** differ in several respects from the 
conclusions of M. Quereau. 

* Arch, de Geneve. 1 894. 

** Schardt, “Struct. Geol. des Pre-Alpes,” Bib. Vmv., 
(Geneve) 1892. 
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CHAPTER XIV. 

CENTRAL MASSIVES. 

The Alps are not, strictly speaking, a chain of 
mountains, but rather a series of bosses, or “central 
massives,” to use the term of the Swiss geologists. 

Speaking generally, we may say that the Central 
Massives have Gneiss as the central rock with Crys- 
talline schists, of uncertain age, on the sides; followed 
by other rocks undoubtedly of sedimentary origin, 
but so much metamorphosed that it is in many cases 
difficult, or even as yet impossible, to determine their 
geological position. 

The Central Massives were at first regarded as 
grand, but simple arches, and this impression is 
still widely dilfused, partly because in the small 
geneialised sections which alone can be given in 
text-books, it is impossible to give details. 

Their structure is much more complex than 
would be inferred even from the largest geological 
maps. In Studer’s excellent map, for instance, the 
whole of the St. Gotthard route from Erstfeld to 
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Lugano is coloured as Gneiss, with the exception 
of three belts — that of Protogine from Wasen to 
Goschenen; of the Secondary strata which constitute 
the Urserenthal, and another Secondary belt forming 
the Bedrettothal, and crossing the Ticino at Airolo 
to the Val Piora. The great Swiss Dufour map 
shows that the stnicture is far from being so simple; 
but in fact no map can adequately show its real 
complexity. The whole tendency of recent researches 
has been to demonstrate that the structure of these 
“central massives” is much more complicated (see 
Fig. 93 p. 76 ) than had been at first supposed— to 
confirm Saussure’s wise saying that “11 u’y a dans 
les Alpes rien de constant que leur variete.” 

In this respect, however, the massives differ con- 
siderably. The structure of Monte Rosa, for Instance, 
is said to be simpler than the St. Gotthard. Indeed, 
the southern Gneisses are, as a general rule, much 
less contorted than that of those in the northern 
massives. 

The strata form more or less lenticular masses, 
and are very varied in composition and structure 
the Gneiss itself presenting many varieties. 

The Gneiss, Granite, Protogine, and even ap- 
parently Mica Schist pass almost imperceptibly into 
one another. “The changes of texture and con- 
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dition,” says Escher, “vary not only in different 
layers, but even in different parts of the same layer, 
so that we often pass from one extreme to the other 
by imperceptible gradations.” 

Grubenmann,* who has recently published a 
special memoir on the Granites of the St. Gotthard, 
points out that they may all have been derived from 
an originally similar rock, modified by differences of 
pressure and temperature. Schmidt suggests that 
we find normal Granites in just those parts of the 
central massives where we should expect the pres- 
sure to be less extreme, while Protogine occurs 
in the more intensely folded parts. Duparc and 
Mrazec,** who have especially studied the Protogine 
of the Mont Blanc Massif, regard it as a granulitic 
Granite. 

Heim has pointed out that many rocks which 
m hand specimens might well be taken for Granite 
are shown to be really stratified if seen in larger 
masses. As already mentioned, he regards some 
varieties of Gneiss as part of the original Earth’s 
crust. He regards parts of the Protogine as com- 
pressed Granite, and some ot the Gneiss as com- 
pressed Protogine; while other Gneiss masses he 

* Verh. Turgaisch. Nat. Ges. 1890. 
j^rch. Sc. Phys. et Nat. de Geneve, 1892. 
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regards as metamorphosed sedimentary rocks, and 
he refers to places where the one passes imper- 
ceptibly into the other. But on these points there 
are still great differences of opinion. 

On a larger scale the sections show repeated suc- 
cessions of similar rocks, and the more they are ex- 
amined the more complicated do they appear. 

In the Aar section we find Granite repeated at 
least nine times, Gneiss-Granite ten times. Eyed- 
gneiss. Mica Gneiss, and Grey Gneiss several times. 
In the Reuss Valley the Granite and Crystalline 
schists alternate some twenty times in a distance of 
4 km. The Urseren fold is itself double, or perhaps 
even more complicated. These changes may in some 
cases be due to faults and overthrusts, but in general 
appear to indicate folds. Baltzer considers that the 
Aar massif comprises at least six.* 

The following figure (Fig. 93) representing the 
section of the St. Gotthard Tunnel, shows this com- 
plexity very clearly. 

The existence of “bosses,” such as the great 
“massives,” would naturally follow from the general 
view of the Swiss Alps, which has been given above. 
It would be most improbable in any case, that we 


* Baltzer, Beitr. z, Geol. K. d. Schw.f L. xxiv. 
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should have a simple succession of ridges extending 
the whole length of the mountains, and especially so 
in a curved chain, such as the Alps. Moreover, we 
find as a matter of fact, that folds rarely extend the 
whole length of a range. In the Jura, for instance, 
which extends over 300 km., the folds have lengths 
of 12, 27, 28, 31, 45, 14, 51. 92, 48, and in one 
case 162 km. respectively. The length, I may add, 
has no relation to the height. Thurmann calculated 
that for the whole Jura there are no less than 
160 folds, though there are never more than 12 in 
any one cross section. 

As a rule the strata on the northern line of the 
Central Massives are inclined at a high angle, and 
indeed are in places perpendicular. This may be 
said to be the rule in the centre, while they are less 
steeply inclined at the sides. The inclination, how- 
ever, instead of being, as might at first sight have 
been expected, away from the centre, trend towards 
it. Indeed, so extreme has been the pressure that 
the central ranges have been squeezed into a fan- 
shaped structure, long ago noticed by Saussure, who 
described them as throwing themselves against the 
mountain, or like a crowd rising on tiptoes and lean- 
ing over in the effort to see over one another. The 
arrangement was also well described by Studer, but 
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first explained by Lory. Fig. 25 gives a section 
across the Mont Blanc range. 

A similar fan-shaped structure occurs in the 
St. Gotthard (Fig. 26), the Grimsel, the Silvretta, etc., 
and may indeed be said to occur in all the northern 
Crystalline Massives of the Alps, but not in the Ticino, 
Adula, etc. It has also been found in the Pyrenees, 
in Pennsylvania, and some other mountain ranges.* 



Figs. 94 and 95, showing the folds assumed by 
layers of clay, sand, etc., in two of Mr. Cadell’s ex- 
periments, compared with the section of the Mont Blanc 
Massif given in Fig. 25 (vol. i. p. 94), or that of the St. 
Gotthard in Fig. 26 (vol. 1. p. 95), show how the struc- 
ture of these mountain ranges may have originated. 

In attempting to understand the structure of the 
Central Massives, the first problem which confronts 
us IS the true nature of the Crystalline rocks. They 
were long regarded as intrusive plutonic rocks, which 
* Favre, Rich. Geol., in. 
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had forced up, and were therefore younger than the 
Secondary strata. As already mentioned, however 
(a7ite, p. 55), they are now regarded as essentially 
passive, not active; not as having forced up the 
Secondary rocks, but as having been forced up with 
them by the same lateral pressure; as being of ex- 
treme antiquity, and indeed in the opinion of some 
geologists as part of the original crust of the Earth. 

Some, indeed I believe most, geologists consider 
that the Crystalline rocks had been not only de- 
nuded, but also much folded before the deposition 
of the Secondary strata; other great authorities, as 
for instance Heim, dispute this; they believe that the 
earlier folding was comparatively slight, and that in 
the main the folding of the Gneiss and the Secondary 
strata was simultaneous. 

The Central Masslves, the Mont Blanc Massif, the 
St. Bernhard, Monte Rosa, Aar, St. Gotthard, Adula, 
etc., are at present more or less completely de- 
tached. 

It has long been a question whether these moun- 
tain masses should be regarded as independent 
centres of elevation or as parts of a general system. 
As long as mountain chains were regarded as having 
been thrust up from below by volcanic action, the 
former view seemed most probable. 
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The structure of the rocks affords no conclusive 
evidence. They agree no doubt in general character. 
The Gneiss of the Aar Massif is very similar to that 
of the St. Gotthard Hospice. The Protogine also 
repeats itself That of the St. Gotthard Massif in 
places resembles that of Mont Blanc. 

On the other hand, the fundamental rocks are 
very similar all over the world. Moreover, under- 
lying this similarity there are considerable differences 
in detail. 

These differences may be in many cases due to 
mechanical causes — those, for instance, between the 
St. Gotthard and the Adula, perhaps to the fact of 
the former being more compressed. It seems clear, 
however, that the rocks in each differ as much as 
those between different “massives.” 

Moreover, as the rocks included in the folds be- 
tween the massives are of the same age, we can 
hardly doubt that this applies to the massives them- 
selves. Here also the analogy of the Jura is very 
instructive. The bosses there are not on so grand a 
scale, they are not formed of such ancient rocks, and 
they are not so far denuded; but they are clearly 
parts of a system, and I cannot doubt that the same 
is the case with the great massives of the central 
Swiss chain. 


CENTRAL MASSIVES. 


The Granite is no doubt for the most part of 
great antiquity, pebbles of it occurring in Car- 
boniferous Puddingstone; it crops up in many places, 
now more or less detached, and there were probably 
several distinct eruptions of this rock; but the action 
of subsequent denudation has divided many tracts 
which unquestionably were once continuous. Some 
Granite is no doubt inU'usive. This is shown by the 
fact that the rocks near it are in many places forced 
up and modified by heat. Still it would be a mis- 
take to regard the Granite as having been the active 
agent of disturbance; it was, on the contrary, itself 
forced up by the general side pressure. In some 
cases it appears not to have entirely broken through 
the overlying rocks, but is exposed in deep ra- 
vines.* 

I have already shown that the Central Massives 
were once covered by a great thickness of Secondary 
rocks. Apart from this evidence, however, Ve must 
bear in mind that Gneiss, Granite, and Crystalline 
Schists must have cooled under great pressure and 
at a great depth. When we stand on such a rock 
we must in imagination replace over it several thou- 
sand feet of rock now removed. Gneiss would as it 
approached the surface gradually have assumed a 

* Theobald, Beitr, z. GeoL K> d. Schw,^ L. III. 
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totally different character, the superficial parts pro- 
bably not differing greatly from modern lavas. 

These upper layers were removed by denudation, 
and on the surface thus exposed was deposited a 
great thickness of Sedimentary rock. Figs. 25 and 
26 show that on both sides of the Mont Blanc Massif 
and that of the St. Gotthard are folds of Secondary 
strata; these must have been originally continuous, 
and have passed over the intervening mountains in 
a great arch. 

Sorby, as already mentioned, considered that the 
Granites examined by him had cooled under a pres- 
sure equal to not less than 30,000 and in some cases 
even of 80,000 feet. 

While, then, we have still much to learn as to 
the structure of these Central Massives and their re- 
lation to one another, there are strong, not to say 
conclusive, reasons for regarding them — 

I (i) As an integral part of the general Alpine 
system, not as independent centres of upheaval; and 
(2) as complex systems of compressed folds and faults. 
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CHAPTER XV. 

THE LAKE OF GENEVA, 
ilon Lac est le Premier. — VOLTAIRE. 

The Lake of Geneva is 45 miles in length, and 
about 10 in breadth. It is 375 metres above the 
Sea, and 309 in depth. 

The bottom, moreover, is covered by subsequent 
deposits to an unknown depth, so that at one time 
it was probably below, perhaps much below, the Sea 
level. Indeed, if the slopes of the mountains at 
Meillerie and Vevey (see Fig. 100) are continued 
under the bed of the lake, the alluvium must have a 
thickness of no less than 600-800 metres, which 
would make it 200-400 metres below the Sea level. 
The actual outlet at Geneva is in superficial debris, 
but the river comes upon solid rock at Vernier, 
1197 feet above the Sea level, 33 feet therefore 
below the surface level of the lake, and 951 feet 
above the bottom. It is therefore a tore rock 
basin. 

In the Port of Geneva, a little to the S.E. of the 

6 * 
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Jardin Anglais, are two erratic blocks which project 
above the water. They are known as the Pierres de 
Niton, and it is said that in Roman times sacrifices 
were offered to Neptune upon them. 

The Lake of Geneva has somewhat the form of 
a crescent, and if we remember that the valley, as 
far at anyrate as St. Maurice, if not to Brieg, was 
once part of the lake, the resemblance must have 
been even more marked formerly. Port Valais is 
supposed to have been on the lake in Roman times. 

The primary rocks nowhere make their appear- 
ance round the Lake of Geneva. The east end of 
the lake is a transverse valley cut through a suc- 
cession of synclinal and anticlinal folds in strata 
extending from the Triassic to the Tertiary. The 
rest of the lake from Clarens on the north, and 
Meillerie on the south, lies in Miocene (Mollasse), 
which, however, is in many places covered by glacial 
deposits. On the south especially, these attain a 
considerable thickness. 

Most of the promontories round the lake are 
traversed by a stream; they are, in fact, river cones. 
That of Yvoire, however, cannot be so accounted for; 
and Favre* has pointed out that it is, in fact, a great 
moraine. It is one of the most picturesque districts 

* Rech. Gcol., vol. I. 
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of the whole shore. The view of the lake, the 
magnificent groups of chestnuts, and the innumerable 
erratic blocks, give it quite a special character. 

The plain on the south side of the lake, and 
even the high terrace of St. Paul, above Evian, is 
entirely erratic, and due to the confluence of the 
ancient glaciers of the Rhone and the Drance. Ihe 
deposits attain an immense thickness in the valley of 
the Drance, above Thonon, from the study of which 



Morlot many years ago convinced himself of the 
existence of at least two glacial periods. 

The chain of the Voirons is an anticlinal N.S. 
ridge, overthrown to the west; and the arch is more 
or less profoundly broken to the Flysch, the Neocomian, 
or even the Malm.* 

The country about Vevey and Montreux is the 
Riviera of Switzerland. It is lovely now, but what 
must it have been before the monotonous terraces of 
the vineyards and the endless rows of vine bushes 

* Renevicr, Add. Pres. Soc. JJelv, des Se. Nat. 1893. 
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replaced the ancient forests of Chestnut, Birch, and 
Beech; and the picturesque Swiss chalets were ex- 
tinguished by whitewashed villas and gigantic hotels! 

Morlot first called attention to the existence of a 
fault to the west of Vevey. It begins at Gonelles, 
just to the west of the town, and goes in the direction 
of Chatel St. Denis, following for some distance the 
right bank of the Veveyse. 



The cone of the Tiniere is particularly interesting 
from the attempt made by M. Morlot to calculate 
roughly the date of the Neolithic or Later Stone Age 
in Switzerland. He estimated for the age of Bronze 
an antiquity of from 2900 years to 4200 years, foi 
that of the Stone period from 4700 to 7000 years, 
for the whole cone of from 7400 to 11,000 years. 

At the eastern end of the Lake of Geneva 


88 


SCENERY OF SWITZERLAND. 


(Fig. 97) the strata are thrown into a series of arches 
on the north side. Messrs. Renevier and Golliez give 
the following series: — ■ 

1. Anticlinal valley of the Verage at Jaman. 

2. Synclinal ridge of Sonchaud at Naye. 

3. Anticlinal valley of the Tiniire (Fig. 98). 

4. Synclinal valley of the Eau Froide (Cretaceous 
and Flysch). 



Fig. 99. — Section across the Tour d’Ai. 

5. Anticlinal Cirque of Corbeyrier (Triassic). 

6. Synclinal plateau of Leysin. 

7. Anticlinal valley of the Grande Eau, excavated 
down the Trias. 

The Tour d’Ai which forms so conspicuous a 
feature in the landscape at the eastern end of the 
Lake of Geneva is, as shown in Fig. 99, the point of 
a broken arch of Malm. 

From the Rocher de Naye, now accessible by a 
mountain railway, there is a glorious view. To the 
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east the Bernese Oberland, further west the Dent du 
Midi and the extreme summit of Mont Blanc, to the 
north the great plain of Switzerland, around us the 
Pleiades, etc., the Tours d’Ai and de Mayen, a wilder- 
ness of ridges and valleys, grey precipices, steep bright 
green grass slopes, mottled with dark masses, patches, 
lines, and groups of pines, below which are paler- 
green deciduous trees, and at our feet the blue water 
of the Lake of Geneva. 

Conformation of the Lake. 

Though the foi-m of the lake is in itself so simple, 
the lake is in reality formed of two converging basins; 
that of the east which is a cross valley, while the 
western half, like the Lakes of Neuchatel, of Bienne, 
and of Morat, follows the direction of the Jurassic 
chains and the anticlinal axis of the Mollasse. The 
Petit Lac, the Lake of Neuchatel, and that of Bienne 
may almost be said to fonn one lake basin. It 
probably originated at the same tii-ne as the moun- 
tains, which have the same general curve as that part 
of the lake.* 

The eastern end, on the contrary, as far as a line 
crossing from Vevey to Meillerie is a transverse valley 
or cluse, cut through the Secondary and Eocene 
* Favre, Rech. Geol.^ vol. i. 
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Strata, which are thrown into a succession of synclinal 
and anticlinal folds. The greater part of the original 
“Haut Lac” is now a plain, filled up to an unknown 
depth by the deposits of the Rhone. The “Haut 
Lac” is in fact a transverse river valley cut out by 
the Rhone, and subsequently, owing to a change of 
inclination, partly filled up again. 

This distinction between different parts of the 
lake is to some extent recognised in the local, 
nomenclature, the eastern end being known as the 


c M 



Scale: horizontal 1:200 000^, vertical 1:25 000«. 

Fjg. ioo. — Profile across the Lake of Geneva from Cully to Meillerie. 

“Haut Lac,” the centre as the “Grand Lac,” and the 
narrower western end as the “Petit Lac.” 

The water of the Rhone from its greater density 
sinks rapidly below the blue water of the lake, but 
the fine mud is carried halfway across the lake, and 
covers the bottom as far as Amphion and St. Sulpice. 

Tlie “Grand Lac” is bounded on the north by 
Miocene Mollasse, on the south as far as Tour-Ronde 
by Lias and Jurassic, and further to the west by 
immense alluvial and glacial deposits. The centre 
(Fig. ioo) is occupied by an almost horizontal plane 
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at a depth of 309 metres, indicating that the alluvium 
must be of great depth. 

The western half of the lake is in almost horizontal 
strata of middle Miocene Mollasse. It was therefore 
excavated after the middle Miocene, and before the 
close of the Glacial epoch. 

As already mentioned, there is some reason for 
supposing that the Petit Lac was originally the valley 
of the Arve. It presents a general inclination from 
Geneva to Merges, but with some slightly marked 
basins, owing to transverse banks, which Forel con- 
siders to be ancient moraines. The sides, moreover, 
like those of an ordinary river valley, slope more or 
less towards the centre. I have already {ante, vol. i. 
p. 227) given reasons for thinking that the outflow ot 
the waters was formerly, not at Geneva, but between 
Merges and Lausanne, to the Lake of Neuchatel. 

The following figure gives the profile from St. Prex 
to Amphion. 

It must always be remembered that the vertical 
and horizontal scales in this and other similar figures 
are quite different. They bring out clearly the special 
point which they are intended to illustrate, but in 
other respects might give an erroneous impression. 
We generally think of the Lake of Geneva as deep. 
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but taken in relation to its area it might almost be 
described as a film of water (see Fig. 68). 

Between Yvoire and Rolle, and at a depth of 
6o metres, is a remarkable bank known as the 
Ombli6re, because it is the best fishing ground for 
the “Omble Chevalier,” which comes there to breed. 
It is an old moraine, and is also remarkable because 
a moss (Thamnium alopecurum, var. Lemani) still 
lives on these stones.* 

The “blue waters of the arrowy Rhone”** “rush 
out with a depth of 15 feet,” says Ruskin, “of not 



Scale: horizontal 1:200 COO'-’, vertical 1:25 000«. 

Fig. 101. — Section across the Lake of Geneva from St. Prex 
to Amphion. 


flowing, but flying water; not water neither, melted 
glacier matter, one should call it; the force of the ice 
is in it, and the wreathing of the clouds, the glad- 
ness of the sky, and the countenance of the time.”*** 
The remains of the lake villages show that, as in 
the other great lakes, the surface level has varied 
very little for several thousand years; for if the water 


* Forel, Le Lema7i. 


** Byron. *** Ruskin. 
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level had been lower, the remains would have been 
destroyed, and on the other hand the piles could 
not have been fixed in deeper water. 

At present the lake is maintained at a nearly 
constant level by dams and sluices at Geneva. 

The condition and configuration of the Lake of 
Geneva offer many difficult problems, as to which 
there is still much difference of opinion. 

The course of the Rhone below the Lake of 
Geneva is extremely curious and interesting. It 
presents many indications of comparatively recent 
origin, or at anyrate of recent changes.* At the 
Fort de I’Ecluse it passes througli a narrow canon or 
gorge, several hundred feet in depth, between the 
Credo (Cret d’Eau) and the Vuache Mountain 
(Fig. 77, p. 2i). The latter is one half of an anticlinal, 
split longitudinally and with the Western half sunk. 
The gorge coincides with a change in the direction 
of the mountain chain which has, according to 
Bourdon,** given rise to a fault, the difference of 
level between the Credo and the Vuache amounting 
to looo metres. It then enters a plain, and at 
Bellegarde joins the Valserine, which though the 

* “Le Canon du Rhone,” Bull. Soc. GeoL, France 1894; 

Schardt, “Chaine de Reculet Vuache,” 1891. 

** Bull. Soc. GeoL, Laris. 1895. 
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smaller is really the mother river. Immediately 
above the junction is the celebrated Perte dii Rhone, 
where the river narrows to about 15 metres,* and 

A 



Fig. 102. -Longitudinal Sectiim of the Perte du Rhone. 


when it is low disappears more or less completely 
for 20 km. running in a deep, narrow, winding, and 
often invisible bed. 



Fig. 103.— IVansversc Seition of the i*ertc du Rhone. 


This is due to the presence of horizontal layers, 
differing considerably in hardness. Fig. 102 re- 
presents a longitudinal, and Fig. 103 a transverse, 
section — a, a are hard Calcareous strata, b, b softer 
* Lenthferic, Le Rhone, vol. i. 
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layers. The boulders with which the river is laden, 
by degrees broke through the harder rock in various 
places, and then began to act more effectively on 
the softer stratum below, which they gradually ate 
into more and more, finally meeting, and thus form- 
ing a sort of tunnel sufficient to carry all the water 
of the river when it is low. The lower Calcareous 
layer has in some places been itself worn through, 
so that the same process is beginning a second time. 
Neither the Rhone nor the Arve would by itself 
have been able to effect this. It requires gravel and 
boulders, animated by a sufficient force of water. 
The Rhone is large enough, but does not carry down 
enough stones. The Arve has plenty of gravel and 
stones, but not enough flow of water. Thus the 
Rhone supplies the force and the Arve the tools. 

From the Fort de I’Ecluse to below Malpertuis 
the Rhone is not a river, but a torrent. It has not 
had time to approach its “regimen.” 

Below Bellegarde the slope of the river is the 
reverse of that of the valley. The river slopes from 
Bellegarde to Malpertuis, the valley from Malpertuis 
to Bellegarde. The river falls 20 to 25 metres, the 
ground rises over 200. At Bellegarde the gorge has 
a depth of 200 metres, at Malpertuis of 450. 

Thus while the river falls the valley rises. If 
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the configuration of the surface had been formerly 
what it is now, it is evident that the river would have 
formed a deep lake, the bottom of which it would 
have filled with river deposits, and round which we 
should find remains of lake terraces. Of such a lake, 
however, there is not a trace. 

Near Malpertuis the inclination of the ground 
changes, slowly at first, afterwards more rapidly. 
The slope of the valley coincides with that of the 
stream, and at Seyssel the Rhone is a river again. 
The relation of the drainage to the surface is there- 
fore very remarkable. 

We are driven then irresistibly to the conclusion 
that the high ridge between the Perte and Seyssel is 
of comparatively recent origin; that it has risen since 
the Rhone ran in its present channel, and that it 
was cut through by the river as it rose. 

M. Bourdon is disposed to think that it is 
actually still rising. He points out that the present 
heights in many cases differ from those marked on 
the Government map, but it is very possible that 
they may have been right when the measurements 
were made, and have since altered. 

There has been a law-suit going on for nearly 
two centuries between the Canton of Vaud and that 
of Geneva, the former alleging that the mills. 
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dams, etc., at Geneva have raised the level of the 
lake, flooding some of their roads and fields. The 
evidence they have produced seems conclusively to 
show a slight elevation of the level of the water. 
On the other hand, the people of Geneva appear to 
have proved that there has been no such change of 
level there. It seems possible that both may be 
right and that Geneva is even still slowly rising. 
Time will solve this interesting problem. 

The Sal^ve is probably a very recent mountain, 
and there is some reason to think that it is still rising. 
A glance at the map will show that it has diverted 
the course of the Arve, w'hich makes a loop round its 
north-eastern end. The elevation of the mountain has 
affected the slope of the river in opposite ways above 
and below. Below, of course, it increases the slope, 
and in consequence the Arve has cut out a deep, 
narrow gorge, almost a canon. Above, on the contrary, 
the slope is diminished, and the valley changed almost 
into a plain with a broad shallow river. As soon 
however as the elevation of the Sal^ve ceased the 
river would begin to eat into this plain, especially as 
the deposits are very loose in texture. This process, 
M. Bourdon says, is not yet begun, showing that the 
elevation must have been in process very recently, if 
it has even now altogether ceased. 

Scenery of Switzerland. II. 
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On the whole it seems probable that the two 
ends of the Lake of Geneva represent the river 
valleys of the Rhone and the Arve respectively; that 
they met the Dranse opposite Merges, and that the 
combined river ran north to the Lake of Neuchatel; 
that change of level of the land then gave origin to 
the lake; and lastly, that the cutting of the gorge 
at Fort de I’Ecluse gave the lake its present exit to 
the west, and gradually lowered the level. 

CHAPTER XVI. 

THE MASSIF OF MONT BLANC. 

II y a dans la nature conimc dans les arts des choses diffi- 
ciles a coinprendrc , qu’on doit voir ou entendre plusieur.s fois 
pour en saisir la grandeur; il en est ainsi de la chaine du Mont 
Blanc, plus on la voit et la parcourt, mieux on en saisit la 
beaute. Favre. 

The Massif of Mont Blanc is elliptical in outline, 
about 30 miles in length, and 10 in breadth, extend- 
ing from S.W. to N.E., from the Col de Bonhomme 
to Martigny. From a geological point of view indeed 
it would extend to the Dents de Morcles, the extreme 
N.E. portion being severed from the rest by the Rhone. 

It consists mainly of two unequal ranges (see 
Fig. 104), the lesser, that of the Aiguilles Rouges 
on the N.W. and the greater Mont Blanc range on 
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the S.E., separated by the longitudinal valley of 
Chamouni, and bounded by two others, the Vallee 
de Sixt on the irorth, and the Val Ferret on the 
south. These valleys have been greatly deepened 
by erosion, but are clearly due in the first instance 
to geotectonic action. Thus the Val Ferret extends 
from the Allee Blanche on the west to Sembranchier 
on the east, but with higher portions at the Alice 
Blanche and the Col de Ferret, so that the waters 
meet one another almost half-way between the two 
at the foot of the Glacier de la Brenva, where they 
turn south through a transverse valley to Villeneuve, 
S.W. of Aosta between Mont Chetif and the Mer de la 
Saxe, which seem to guard the entrance, as Studer says, 
like the pillars at the entrance of an Indian temple. 

The central range and the summit of Mont Blanc it- 
self (4810 metres) consists mainly of Protogine, flanked 
as we pass to the north by Crystalline Schists of 
undetermined age, succeeded by strata belonging to 
the Carboniferous, Jurassic, and Cretaceous periods. 

The Grands Mulcts and the Dome du Goute 
consist of Crystalline Schist, which indeed surrounds 
the whole massif, except on the south side, where 
it is wanting in the Val d’Entrives and the Val 
Ferret. In this respect the north and south sides of 
the chain present a remarkable contrast. 
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Figs. 94 and 95 (p. 78), adapted from Mr. Cadell’s 
experiments on the foldings of compressed layers of 
clay, illustrate the structure of the Central Massives; 
that on the right giving the “fan” structure, while 
that on the left shows an overthrust, and suggests a 
possible explanation for the absence of the Crystalline 
Schists in some places on the south of the range. 

Carboniferous strata occur on both sides of the 
Arve, from Servoz almost to I.es Houches, and ex- 
tend eastwards in two bands — one from Servoz to- 
wards Mont Buet, the other from below Argcnti^re 
over the Col des Montets down the Trient to Ver- 
nayaz, and across the Rhone to the Mont de fully. 
The broad valleys of Chables and of Liddes are also 
due to the comparative destructibility of the An- 
thracitic shales belonging to this period. 

The three principal representatives of the Car- 
boniferous strata are (i) argillaceous schists, frequently 
containing vegetable remains; (2) micaceous sand- 
stones, which often much resemble some of the 
Crystalline Schists; and (3) the remarkable con- 
glomerate known as the Puddingstone of Valorsine. 

This Puddingstone consists of rolled pebbles and 
blocks, sometimes over a foot in diameter. These 
must have been brought down by torrents much 
resembling the Alpine torrents of the present day. 
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and indicate therefore the presence of former moun- 
tains. 

The pebbles consist principally of primitive rock, 
mainly Gneiss, but comprise no Granite or Porphyry, 
so that these rocks cannot then have been exposed, 
but must have been covered and protected by other 
strata. The pebbles are mixed with Quartz and 
Mica embedded in a hard reddish cement. Blocks 
of this Puddingstone, as already mentioned, have 
been transported by the glacier to a great distance. 

It was well studied and described by De Saus- 
sure in 1776 at Ceblancs, on the north of the 
mountain Les Posettes, where the layers are vertical, 
while, as he remarked, they must have been hori- 
zontal, or nearly so, when originally deposited. “II 
faut done regarder,” he says, “comme une chose 
demontree, que ces poudinges ont ete formes dans 
une position horizontale, ou a peu pr^s telle, et re- 
dresses ensuite apr^s leur endurcissement,” This im- 
portant observation was the first proof of the eleva- 
tion of Sedimentary strata. * 

However self-evident this may appear to us now, 
it seemed extraordinary at the time, and Bertrand 
even attempted to show that the pebble beds might 
have been deposited in a vertical position! 

* Favre, Jiech. Ge'ol., vol. II. 
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The proportioa of pebbles in this deposit varies 
greatly. Sometimes they form nearly the whole, with 
only enough cement to hold them together. At other 
places they are comparatively few, or even altogether 
absent, in which case it is difficult to distinguish this 
rock from one of the Crystalline Schists. 

The Val Ferret and the valley of Chamouni are 
synclinals, and contain Jurassic strata. 

As regards Mont Blanc itself, “Je n’entreprendrai 
pas,” he says, “de decrire I’apparence du Mont BlaM, 
on ne pen se faire une juste idee de cette chaine 
couverte de frimats 6ternels et orime de mille pointes 
de rochers, sans 1’ avoir visitee. II y a dans la na- 
ture, comme dans les arts, des choses difficiles a 
comprendre, qu’on doit voir 011 entendre plusieurs 
fois pour en saisir la grandeur; il en est ainsi de la 
chaine du Mont Blanc, plus on la voit et la par- 
court, raieux on en saisit la beaute.”* The whole 
district is of singular beauty. “I have climbed much,” 
says Ruskin, “and wandered much, m the heart of 
the high Alps, but I have never yet seen anything 
which equalled the view from the Montanvert.” 

Favre also speaks of this district with gieat, 
though not too great, enthusiasm, as “des heux 
enchantds,” and returned over and over again to the 
* Favre, Rech, Geol,, vol. ii. 
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Pavilion de Bellevue during liis geological studies. 
He does not know which to commend most, the 
splendid air or the magnificent views, which, as he 
justly says, surpass all description. 

The true continuation of the valley of Chamouni 
eastwards is not the Col des Montets and the Tete 
Noir, but the Col de Balme. The Arve descends in 
a longitudinal valley to Les Houches. Here the 
western line of the valley passes over the Col de 
Voza. The river, however, breaks away to the north 
in a transverse valley, cutting across the Carboni- 
ferous strata. The contrast of the narrow and wild 
transverse gorge, with the more open longitudinal 
valley above, is very striking. Below Servoz for a 
short distance the river again occupies a longitudinal 
valley, and then from Sallenches runs transversely 
by the narrow gorge at Cluses to Bonneville, where 
it emerges on a wide alluvial plain. 

As already mentioned, the Val Ferret on the 
south, and the mountains on the west, which stretch 
from the Rhone valley, south of St. Maurice, to the 
valley of the Arve at Servoz — the Mont Ruan, tlie 
Cheval Blanc, and the Mont Buet, are Jurassic: and 
the question arises whether the Secondary strata once 
extended in a great arch over the Protogine of Mont 
Blanc. This can now be confidently answered in 
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the affirmative, and the final proof is due to M. Favre. 
On a memorable occasion, the 1 2th of August, 1847, 
he ascended the Aiguille de Gliere. It was as plendid 
day, and he says,* “Je fis une longue station au 
sommet de cette aiguille, jouissant de divers points 
de vue. Je considerais longtemps avec un inex- 
primable plaisir cette seine majestueuse, mais tout a 
coup je remarquai, au Nord-Est, dans I’une des 
Aiguilles Rouges, une structure qui me ramena 
subitement a un autre ordre d’idees, non moins 
grand et non moins releve que la reverie on m’avait 
plonge la contemplation du grand spectacle que 
j’avais sous les yieux. 

“Je voyait toutes les Aiguilles Rouges formees 
de gneiss en couches verticales; je les examinais 
avec la lunette, lorsque je fus frappe de I’espice de 
chapeau que portrait la plus elevee. Ce chapeau 
(Figs. 104, 105) est formee par des couches presque 
horizontales, reposant sur les tranches du gneiss qui 
composent le corps de la montagne. Cette vue cap- 
tive toute mon attention. II etait evident que la 
discordance que je voyait entre les couches presque 
horizontales et le gneiss indiquait que le chapeau de 
I’Aiguille Rouge etait d’une autre nature que I’aiguille 
meme.” 


* Favre, Reck, Geol.y vol. Ii. 
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The “cap” was in fact formed of Jurassic strata, 
conclusively demonstrating that the Secondary rocks 
once extended continuously over the massif; and, to 
judge from their thickness elsewhere, the amount of 
the Secondary rocks denuded can hardly be less 
than 3000 metres, to which a substantial addition 
must be made, as a considerable thickness of the 
crystalline rocks has also been removed. 

Whether the same can be said of the older Ter- 
tiary strata is not so clear, but as they terminate 
along the north side of the Mont Blanc massif in a 
great escarpment, it is certain that they must at any- 
rate have extended far beyond their present limits. 
South of the Alps the cretaceous and nummulitic 
strata reappear in the neighbourhood of Varese and 
Turin. 

At anyrate, however the Secondary strata formed 
a great arch over the Buet, dipping down into a 
compressed synclinal fold, which was the determin- 
ing cause of the valley of Chamouni, and then 
(Figs. 104, 105) rose up into a great arch over the 
central Mont Blanc range. Mont Blanc therefore 
was once covered by from 10,000 to 15,000 feet of 
strata, which have been entirely removed. 

The lapse of time thus indicated must have been 
enormous. It has been calculated that the general 
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surface of the land is lowered in the drainage area 
of the Rhone about i foot in 1500 years,* though 
no doubt the rate would be greater in the more 
mountainous parts. 

The valley of Chamouni presents grand evidence 
of glacier action. It contains numerous erratic blocks 
and several moraines. That of Argenti^ire almost 
closes the upper valley. It has a height of over 
100 metres, and was the right lateral moraine of the 



Glacier d’Argenti^re. The right lateral moraine of 
the Glacier de Bois does not stop with the glacier, 
but is prolonged in the form of an immense lam- 
part, which formerly extended right across the valley, 
damming back the river, and forming a lake. It 
has now, however, been cut through by the Aive, 
forming the Passage des Tines. It has a height of 

* Penck, Morphologic der Erdoherfldche, vol. 11. 
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over 170 metres, and one of the largest of the 
blocks, known as the Pierre de Lisboli, is 15 metres 
in length. Above this moraine the Arve has raised 
the level of the whole valley. 

Chamouni itself is built on, and to a great extent 
of, a former terminal moraine of the Glacier des 
Bois. This is shown by the character of the blocks, 
which are of Granite, very different from the rocks 
of the Brevent. 

Lower down the valley, at Montquart, is another 
moraine, which ends a little below the torrent com- 
ing from the Glacier de Taconnaz. One of the 
blocks belonging to it, known as the Pierre Belle is 
24 metres long, 9 wide, and 12 in height. 

At an earlier period, however, the whole valley 
was filled by the glacier, and all along the face of 
the Mont Blanc range the upper limit of the ice can 
be clearly traced (see Fig. 106, opposite). At this 
epoch the glacier divided, one branch passing down 
the Arve, the other over the Col de Balme, and the 
Tete Noir to the Valley of the Rhone. 

The moraines of the Chamouni district are very 
instructive, because they connect so clearly the 
ancient glaciers of the Ice Age with those of the 
present day. 

Glacial action, moreover, as indicated by the 
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smooth and rounded surface of rock, can be traced 
over the Col des Montets between Valorcine and 
Argenti^re, a height of 1474 metres, at the Chalet 
de Pliampra, 2080 metres, and to the summit of the 
Posettes, 2208 metres. 

At the bend of the river Arve, opposite Les 
Houches, where the river turns abruptly into a trans- 
verse valley, the rocks are greatly glaciated. At 
Chatelard, near Servoz, at the right side of the road, 
are several very fine Giants’ Caldrons. 

Below Servoz the river again turns and enters 
another longitudinal valley. Further down on the 
right side between Combloux and Sallenches, M. 
Rendu long ago remarked with surprise that the cul- 
tivated ground rose to a certain height, and was then 
suddenly cut off by a belt of wood. This he found 
was due to a lateral moraine, the great blocks render- 
ing cultivation impossible. It is one of the most re- 
markable groups in the Alps, and is probably due to 
its position just opposite the defile of Servoz, by 
which the great glacier descended into the valley of 
Sallanches. The moraine does not cease at Sal- 
lanches, but continues all down the defile of Mag- 
land. It exists, however, on the left side only. Not 
a single block of Granite occurs on the right any- 
where in the whole defile. Why is this? 


THE MASSIF OF MONT BLANC. 


I I I 


Rendu suggested the explanation. A smaller 
glacier from the Buet joins that of the Arve at Ser- 
voz, and continues with it down the valley. This 
affluent, however, came from a calcareous region; the 
blocks forming its moraine, therefore, are undis- 
tinguishable from the debris which have fallen from 
the mountains, and are moreover more perishable 
than the blocks of Protogine coming from the Mont 
Blanc range. At the Waterfall of Arpeuaz (Fig. i, vol. i. 
p. 56) the foldings of the rocks are beautifully shown. 
The whole plain between Cluses and the SaRve is 
covered with glacial deposit, and strewn with blocks 
of Protogine, except a calcareous band of very vari- 
able width extending from the opening of the valley 
of Bornand, by St. Laurent, La Roche, and Cornier, 
and ending somewhat to the east of Regnier. This 
is known as “Les Rocailles,” is sterile and com- 
paratively uncultivated. It is, in fact, a moraine 
belonging to the ancient glacier of the Bornand 
valley. 

Fig. 104 shows the fan structure so characteristic 
of the Alpine massives. 

The junction of the Crystalline Schists and the 
Protogine is well seen at L’ Angle, on the edge of the 
Mer de Glace, above Montanvert. The schists be- 
come more Crystalline as we approach the Central 
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Massif, and at the line of junction with the Protogine, 
can hardly be distinguished from true Gneiss. The 
Felspar is generally white, sometimes rose. The Mica 
is white, brown, or black. The celebrated “Jardin” 
is an island of rock in the Glacier du Tal^fre. 

In the centre of the Plan des Dames, on the Col 
du Bon Homme is a cairn, on which it is the custom 
for every passer-by to place a stone, as is done in 
Jerusalem on the so-called Tomb of Absalom, and 
in so many other places. 

As usual in the Alps, the drop on the south side 
is more abrupt than that on the north, and the trans- 
verse valleys are consequently shorter. In fact, the 
mountains form a grand and almost continuous wall 
from Mont Blanc to the Aiguilles d’Argenti^re. There 
are only two or three passes, and those very lofty. 
The Col de Geant is that most frequently used. 

Of all the views in the Alps, says Forbes, few if 
any can be compared with that of the Mont Blanc 
Massif from Courmayeur. 

The moraines on the south of the chain are also 
very grand. The Cretaz de Saleinoz in the Val 
Ferret is one of the most magnificent in the whole 
Alps. It was the former right lateral moraine of the 
Glacier de Saleinoz, but is now quite detached from 
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the glacier. It has a height of from 30 to 50 metres, 
and bears many immense blocks of Protogine. 

The polished surfaces of rock near the Glacier 
de Triolet, and of Mont Dolent reach a height of 
2500 metres, that is to say, nearly to the Col du 
Petit Ferret. 

The moraine of Ivrea at the mouth of the Val 
d’Aosta (see vol. i. p. 139) is the greatest in the 
Alps, or indeed in Europe. 


Scenery of Switzerland. //. 
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CHAPTER XVll. 

THE VALAIS. 

The valley of the Rhone, from the Lake of 
Geneva to the Glacier, forms the Canton of Valais 
— the valley par excellence. 

The present valley from Villeneuve to the Gorge 
of St. Maurice was evidently at one time a part of 
the lake, and would be so still if it were not for the 
deposits brought down by the Rhone.| 

From Villeneuve to Martigny the Rhone occupies 
a transverse valley, cutting across the strike of the 
strata, which form a succession of complicated folds, 
the strata being often, as it were, brayed together, 
and sometimes vertical. They correspond on the 
two sides. 

The valley is, no doubt, of great antiquity. Favre 
and Schardt consider that it originally formed a 
narrow gulf of the sea.* This view has also the 
support of Renevier’s high authority, but seems to 
me, I confess, improbable. It has all the appear- 

* Beiir. 2. Geol. K. d. Schw., L. XXII. 
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ance of a river valley, but is no doubt very ancient, 
probably as old as the Miocene. It belonged 
originally to the Dranse de Bagne, and is most 
likely older than the upper Valais or than the eleva- 
tion of the Bernese range. 

It is indeed difficult to account for the facts, ex- 
cept by assuming that the Dranse was running ap- 
proximately along its present course before the fold- 
ing at St. Maurice commenced, and cut back the 
ridge as it rose. In this case, the Dranse is pro- 
bably an older river than the Rhone, and to it pro- 
perly belongs the valley between Martigny and the 
Lake of Geneva. 

Down to comparatively recent times the lowei 
Valais was marshy, and subject to destructive floods. 
Hence, we find that the towns are generally placed 
on the’ cones of the lateral streams, —Aigle on that 
of La Grande Eau, Bex at the mouth of the Aven- 
con, Monthey of the Viege; Muraz, Vionnaz, Vouvry, 
Aux Evouettes, etc., on the cones of other streams. 
The most remarkable cones are those (i) of the Bois 
Noir (Fig. 107), formed by the torrent of St. Barthe- 
lemy, and above Martigny; (2) that of Chamoson at 
the mouth of the Losenze, which is 4 km. m length, 

and rises from 480 metres to 730 metres, having 
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therefore a height of 250 metres;* and (3) the most 
striking of all, that of the Illgraben near Leuk. The 
amount of stones, etc., brought down by tliese three 
torrents has been so enormous as to dam back the 
river, and thus raise the general level of the valley 
for some distance above them. 

The plain of the Rhone valley where the river 



enters the lake is almost absolutely flat, but from 
Noville to Chessel are a number of undulations, and 
small hills, those to the west being the highest. At 
first they might be taken for moraines. They are, 
however, due to a great rockfall. 

The originally horizontal beds near Noville have 
been thrown into zigzags by the pressure of the fallen 

* Renevier, Beitr. z. Geol. K. d, Schw,, L. xvi. 
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material. The scar, still known as the Derochiaz, 
is even now visible, immediately above Aux Evouettes. 
Morlot was inclined to identify this catastrophe with 
the great rockfall of 456 a.d., which, according to 
Marius d’Avenches and Gregory of Tours, over- 
whelmed the town of Tauredunum. Others, how- 
ever, consider the Derochiaz fall to be more ancient, 
and point out that the fallen materials do not reach 
the foot of the mountain, but are separated by a 
stretch of absolutely flat ground. This they account 
for by supposing that the valley of Derochiaz was 
occupied by a small glacier, which acted as a sort of 
bridge, and over which the debris glided into the 
middle of the valley.* 

There was a great rockfall from the Dents du 
Midi in 1835, producing a torrent of black mud 
which flowed down the St. Barthelemy and covered 
the Bois Noir. Other rockfalls in this district have 
been already alluded to. 

The rocky hill of St. Triphon, opposite Ollon, 
must have been once an island. The sides plunge 
down almost vertically. There can be no doubt that 
the usual talus or scree exists at the base, but it is 
covered over by the alluvium, showing that the valley 


* Favre et Schardt, Beitr, 3. Geol. K. d. Schw., L. xxii. 
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was a lake down to, geologically speaking, a very 
recent period. 

The bottom of the valley to a considerable depth 
consists of alluvium containing freshwater and some- 
times land shells. The Navisance has cut 300 to 
400 feet through gravel. 

On both sides of the Valais, marks of glacial 
action reach to a great height, and the upper limits 
of the ancient glacier can often be clearly traced. 
The glacial deposits in the lateral valleys are also of 
immense magnitude. The valley of Devens, between 
the Grionne and the Avan50n, is especially remark- 
able in this respect, and contains many immense 
blocks. 

On the left bank of the Rhone a great moraine, 
which has been rendered classic by the labours and 
descriptions of Charpentier, extends, with some in- 
tervals, from the plateau of Verossaz above St. Maurice 
by Monthey to Muraz. It is almost entirely composed 
of Protogine from the north slopes of the Mont Blanc 
range. Some of the blocks are so large that they 
have received special names— the Pierre a Dzo, Pierre 
a Muguet, etc. 

At Bex are the celebrated Salt mines in the 
Trias which have been worked for over 200 years, 
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and were at one time managed by Charpentier, who 

resided at the village of Devens. 

The Dolomite and Gypsum, which are generally 
considered to be Triassic, are especially susceptible 
to the action of weather and water; hence the riveis 
(as, for instance, the Grand Eau), and the Cols (as, 
for instance, the Col de P^llon between the upper 
valleys of the Grande Eau and the Sarine, those of 
la Croix, Kinmeun, Fnittlisspass, etc.) have a tendency 



to follow the outcrop of these strata. Ihe Gypsum 
also often gives rise to swallow holes, sometimes of 
considerable size. The little lake of Plambouit, which 
is said to be very deep, occupies one of these de- 
pressions.* When the Gypsum occupies high ground, 
it weathers into peculiarly pointed peaks, like those 
of the Dolomites. 

From the lake to Bex the valley is wide and 

* Renevier, Beitr. z. Geol. K. d. Schw., L. XVI. 
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open, but from St. Maurice to Martigny it is com- 
paratively narrow, owing to the greater compactness 
of the rocks. Immediately below St. Maurice is a 
belt of dark, hard rock, belonging to the age of our 
chalk; then come Crystalline rocks — the eastern 
extremity of the Aiguilles Rouges Massif, with a 
synclinal containing Carboniferous Puddingstone, and 
slate, which is worked near Vernayaz. 

A short distance above St. Maurice the torrent of 
St. Barthelemy has formed the fine cone of Bois Noir 
(Fig. 1 09), and driven the Rhone to the foot of the 
Dents de Morcles. Fig. 108 gives a section across 
the valley at Martigny; it will be seen that the strata 
at the Pont des Martinets are reversed. 

The crystalline rocks consist of Chloritic schists, 
alternating several times with Mica schists. Prof. 
Golliez regards them as archaic sedimentary rocks 
much metamorphosed, but their age is still uncertain. 
They must be very ancient, for they are folded, and 
in his opinion this must have occurred before the 
deposition of the Carboniferous strata which lie un- 
conformably upon them. If this view be correct we 
have here evidence of three great periods of disturb- 
ance — firstly, that of the Chloritic schists, secondly, 
of the Carboniferous strata, which overlie the schists, 
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and thirdly, the great Cretaceous Nummulitic fold 
which forms the summit of the Dents de Morcles. 

Over St. Maurice on the west tower the mag- 
nificent Dents du Midi, which form so striking a 
feature in the view from the north side of the Lake 
of Geneva from Lausanne to Montreux, and are cer- 
tainly among the most beautiful of Swiss mountains. 



The whole mountain has a torn and wild appear- 
ance. It is a part of the great Cretaceous Jurassic 
range which extends from the Lake of Walen, by 
Glarus, the VVindgalle, across the valley of the Reuss, 
through Ob Deni Wald, by Grindelwald, Lauter- 
brunnen, the Gemini, to the Haul de Cry and the 
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Dents de Morales, which are a counterpart of the 
Dents du Midi on the south-west. The strata, as 
shown in Fig. 1 10, are inverted; the older Neocomian 
resting on tire younger Nummulitic, which again re- 
poses on Flysch. 

For some distance on each side of Martigny, from 
Outre-Rhone nearly to Saillon, the bottom of the 
valley presents a number of Sand-dunes, first de- 
scribed by Morlot. They resemble in miniature those 
of the desert, and of some sea coasts. The most 
considerable are near Charat, and reach a height of 
20 to 30 feet. They are formed especially in the 
spring when the Rhone is low, and leaves large sandy 
tracts uncovered. 

Shortly below Martigny on the left side two 
streams enter the Rhone valley — the Sallanches and 
the Trient — but there is this remarkable difference, 
that while the Sallanches forms a beautiful waterfall, 
the Trient has carved for itself a deep and narrow 
gorge. The rocks over which they flow are similar, 
and apparently of equal hardness, and the difference 
is probably due, partly to the fact that the Trient, 
draining a larger area, has a more considerable water 
power, and also that it brings down more pebbles 
and boulders, while the Sallanches is a clear 
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Stream.* Most of the tributaries in this district enter 
the Valais through gorges more or less similar to 
that of the Trient; those of the Lizerne, the Salenze, 
and the Triage are the most remarkable. 

The station of Vernayaz, at the opening of the 
gorge, which is well worth a visit, stands actually on 
the axis of the Carboniferous fold, and quarries of 
slate occur on both sides of the valley. They 
alternate with layers of Puddingstone. The Chloritic 
schists are well seen at the gorge of the Trient, 
which is cut through them. 

From Martigny starts the great road over to 
St. Bernard, and Brockedon, who knew the passes 
well, assures us in a passage with which I entirely 
concur, that, besides the wildness of this Alpine pass, 
and the beauty of the valley of Aosta, through which 
the road to Turin continues after it leaves the moun- 
tains, “the kind reception which the traveller ex- 
periences from the religious community at the hospice 
on the summit of the St. Bernard, is remembered as 
long as he can be grateful for the devotion which 
induces these excellent men to offer to the travellers 


* Gerlach, Beitr. s. Geol. K, d. Schio,, L. IX. p. Ii. Favre, 
however, Rcch. Gc'ol., vol. ii. seems to indicate that the rock 
through wliich the Trient runs, yields rather more easily to 
water action, 
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their welcome, and spread for him their hospitality in 
the wilderness.” 

At Martigny the Rhone turns at a right angle. 

In fact it leaves the great longitudinal fold and enters 
a transverse valley properly belonging to the Dranse. 
During the Ice Age the ancient glacier in making 
this sharp turn pressed with enormous force against 
the rock-face opposite Martigny, which is tremendously 
worn and polished, affording in Ruskin’s opinion the 
most remarkable illustration of ice action to be found 
in the whole Alps. Above Martigny we come to the 
true Rhone valley — the only part of its course which 
really belongs to the Rhone, for the valley below 
Martigny originally belonged to the Dranse, that below 
Bellegarde to the Valserine, and below Lyons to the 
Saone. 

The valley from Martigny to Oberwald is a 
longitudinal valley of geotectonic origin, due to a 
fold created during the elevation of the Alps. This 
great fold stretches west by Chamouni and the Isire 
to Chambery, eastwards by the Urserenthal and 
Rhine valley as far as Chur, reappearing indeed still 
further to the east. 

At Martigny itself the strata are nearly vertical 
(Fig. III). The old Tour de la Batiaz stands on a 
narrow band of Jurassic rock, which extends west 
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over the Col de Balme to the valley of Chaniouni, 
and eastwards up the valley of the Rhone. It is a 
continuation of the great synclinal of Chamouni. 

For some distance above Martigny the valley of the 
Rhone was evidently once under water. M. Renevier 
considers that it was a distinct lake from that of 
Geneva, separated by the ridge at St. Maurice, but 
M. Forel has clearly shown that there was a time 


s.E. .Y.rv. 



when the waters of the Lake of Geneva stood at a 
much higher level than the present, and they must 
then have been extended far up the Rhone valley. 
The present level of the lake is 375 metres, the 
Rhone valley between Monthey and Bex is 400 metres, 
Martigny 460, and Brieg 670. The bottom of the 
valley is, however, raised by the alluvial deposits, the 
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thickness of which is not known. When, therefore, 
the lake was at its highest it possibly extended to 
Brieg. To the east of Martigny is another belt of 
Crystalline rocks, while some little distance up the 
Dranse, at Sembrancher, we come again upon Jurassic, 
the eastern prolongation of the Jurassic synclinal of 
the Val Ferret. The valleys of laddes and Chable owe 
their origin to the softer Carboniferous (Anthracitic) 
strata. 



Fig. 112. — Transveree profile of the Gorj'c of the Lizeme. 


Fig. 1 1 2 represents a section of the valley of the 
Lizerne, which falls into the Rhone at Ardon below 
Sion. 

The following section (Fig. 1 1 3) shows the remark- 
able contortions of the strata on the great south 
wall of the Diablerets seen from the Tour d’Anzein- 
daz. The summit here marked as Pointe de la 
Houille is perhaps more generally known as the Tete 
Ronde. 


Fig. 113. — Part of the south wall of the Diablerets. 
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The next figure (Fig. 1 1 4) represents a section 
from north-north-east to south-south-west. 

This “lying fold” is a remarkable case of com- 
plete inversion. 

The chain of Argenti^re between, but somewhat 
west of, the Diablerets and the Haut de Cry is 
formed of vertical Urgonian strata, and when seen 
in profile, seems sharp as a knife edge. At the Lion 
d’Argenti^re , so-called from a fancied resemblance 



to a couching lion, the strata are also inverted, so 
that the summit is formed by reversed Urgonian 
resting on Neocomian, Nummulitic, and Flysch. 

Nearer to, and more conspicuous from, the Valais 
is another great rock wall, that of the Haut de Cry. 


Scenery of Switzerland. If. 
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Fig. 1 15 shows the folds of the strata, which, if the 
light suits, may be clearly made out from the valley. 
Above Martigny one sees clearly the contact of 
the Calcareous and Crystalline 
rocks on the north of the valley 
gradually descending towards 
Saillon. Sion owes its picturesque 
and feudal aspect, and indeed, 
its importance in mediaeval times, 
to the fact that the river has left 
several masses of native rock, on 
which three castles were built. 
The highest was formerly the 
Bishop’s Palace, built in 1492, 
but now a ruin. Just above Sion 
the Borgne has formed a fine 
cone, and driven the Rhone to 
the foot of the opposite moun- 
tain. 

At and round Sierre are great 
mounds which look very like re- 
mains of a moraine, but are 
generally regarded as a rockfall, 
which in that case must have 
been the most gigantic in the 
whole of Switzerland, excepting 
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that of Flims in the valley of the Rhine. It ex- 
tends from Pfyn almost to the mouth of the Liena, 
and has a width of about a mile. It must have 
long dammed up the valley, but is now completely 
cut through both by the Rhone and by several 
tributary streams. The surface is very irregular, in 
many places reaching a height of 70, 80, at Geronde 



even too metres above the river level; further west- 
wards it gradually diminishes. The irregularities of 
surface have given rise to several small lakes, the 
largest of which, a little north of Geronde, is 
450 metres long, too to 150 broad, lies 3 nietres 
below the level of the Rhone, and has a depth of 
8 to 10 metres. The banks are very steep. The 
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landslip took place above Cordon, under the Varener 
Alp. It was prehistoric, but must have taken place 
after the retreat of the great glacier. A beautiful 
bronze sword was found in a grave on the hill of 
Tevent, below Sierre, showing that the fall was be- 
fore the Bronze Age. 

Opposite Leuk is the grand cone of the 111, which 
has again driven the Rhone to the north side of its 
valley, and to some extent dammed back the river. 
The valley of the 111— the Illgraben*— affords one of 
the most striking instances of recent rapid denuda- 
tion with which I am acquainted, and is well worth 
a visit. 

Between Turtmann and Raron well-marked lines 
may be seen on the north side of the valley. These 
are “Bises” or artificial water-courses, and are fringed 
with lines of trees. The north side, being most ex- 
posed to the sun, is comparatively dryer and more 
bare than the south, which is greener and well- 
wooded. The side of the valley above Gampel is 
much smoothed and rounded. 

Many of the lateral valleys, for instance, on the 
south side those ofiserable, Nendaz, Herins, Reschy, 
Anniviers, Turtmann, and Ginanz, though broad in 

* Murray’s Handbook, though as a rule marvellously ac- 
curate, gives the Illgraben as a case of rockfall. 
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their upper parts, open into the main valley by 
narrow, and often, inaccessible gorges. 

Similar cases also occur on the north side. The 
gorge of the Jollibach at Nieder Gestelen (Jolebach 
on some maps) is 200 to 300 metres deep, and in 
places only a few metres in width, cut through Cal- 
careous rock. It is quite inaccessible, and in its 
great height as well as in its extreme narrowness 
almost equals the celebrated gorge of the Trient. 

Prof. Desor proposed for such gorges the special 
name of “Roflas.” 

Between Gampel and Raron the synclinal fold 
which has given rise to the Rhone valley divides; 
one branch diverges northwards through the Aar 
massif in the direction of the Aletsch glacier, the 
other has determined the line of the river. 

The Swiss geological maps do not, unfortunately, 
show this very clearly, because the country north 
and south of the valley were mapped by different 
observers, and the strata are coloured differently. 
There was, moreover, at first much, and is still some, 
difference of opinion as to the age of the Schists on 
the south side of the Rhone from Turtmann to 
Grengiols, which are coloured light brown on Studer 
and Escher’s map, violet on that of Heim and 
Schmidt, and dark brown on sheet ifi of the great 
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Fig. ii8.— Section of the Rhone Valley near Brieg. 

on the south. The Aar massif is not, however, a 
simple arch, but is composed of several folds. The 
north side of the Rhone from Gampel to Nieder 
Gestelen is cut down to the gneiss; from Nieder 


J. A.G. 


Fig. 117. — Section of the Rhone Valley at VIsp. (7?*. Granite ; fr?/. Gneiss; 

A. G. Eyed Gneiss; Ser. Gn. Sericitic Gneiss; Li. Lius; Jurassic. 

and violet. The valley is in fact a trough of Jurassic 
strata lying between the older Crystalline rocks of 
the Aar massif on the north, and of Monte Leone 

Vasenin .M.^Caraera 
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Brieg 

Schlucht Rosswald 
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Dufour ■ map. These Schists are now generally re- 
garded as Jurassic, and of the same age as the 
Jurassic strata on the north, which are coloured blue 
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Gestelen to Baltschieder is a trough of Jurassic, at 
Baltschieder the gneiss appears again. 

At Mund the trough, which is somewhat to the 
south of the river, and dips to the south, again 
divides, and the two branches diverge; the southern 
takes the line of the Binnenthal, the Cries glacier, 
and the Bedrettothal, itself subdividing again on the 
way. Fig. 118 gives a section across the valley at 
Brieg. The northern synclinal has given rise to the 
valley of the Rhone, which follows its course. 

HeisenliO M.Moro 



Fig. 119 gives a section at Viesch. Denudation 
has here entirely removed the Secondary strata, 
though we may be sure that they must have formerly 
existed, since we find them along the valley both 
above and below. 

At Nieder Gestelen also is an old frontal moraine 
of the Rhone glacier, evidently deposited during its 
last retreat. 

The valley of Zermatt, which opens at Visp, lies 
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mainly in Schists, the exact age of which is still 
undetermined, but there is also much Serpentine. 
The strata at Zermatt itself are considered by some 
Swiss geologists to be Triassic, but the evidence is 
not conclusive. The gorges of the Corner resemble 
those of Ragatz or of the Trient. 

The rock forming the upper part of the Matter- 
horn is nearly horizontal, inclined slightly down- 
wards towards Monte Rosa. Heim regards it as an 
overlying fold of gneiss. It is a ridge like those 
of the Corner Crat and the Rumpfischhorn, pro- 
bably preserved by its position, and perhaps by 
being specially hard. The base is of Crystalline 
schists lying on Trias. On the west side is a wedge 
of granitic Euphotide. 

The village of Randa has been several times 
overwhelmed by avalanches. 

The Saasthal, which joins that of Zermatt at 
Stalden, is also wonderfully beautiful. Saas and 
Zermatt are, however, so different that they can 
hardly be compared. 

The inhabitants of the upper Italian valleys to 
the south of Monte Rosa have a wide-spread tradi- 
tion of an enchanted valley, beautiful and rich, which 
once existed in the heart of the mountain, and has 
now disappeared. It is probable that the view of 
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the Zermatt valley from the heights of Monte Rosa 
originated the idea of the lost valley; and cer- 
tainly the more one sees of it the more enchanting 
it is. 

If, as we ascend the Simplon route from Brieg, 
we look across to the Baltschiederthal on the op- 
posite side of the Rhone valley, the contrast be- 
tween the rounded outlines of the glaciated rocks 
below, and sharp jagged ridges of the Genthorn, 
the Gredetschhorn, and the Hohen Egg, is very 
striking. 

From Baltschieder to Morel, with a small ex- 
ception at the mouth of the Massa, the north side of 
the Rhone is Gneiss, while the south is Mica Schist. 
At the entrance of the Massa, however, and perhaps 
owing to its influence in bygone ages, the Rhone 
seems to have been forced somewhat to the south. 
However this may be it has cut through the Mica 
Schist, leaving a mass on the north side, which is 
bisected by the Massa. 

For some distance above the mouth of the Massa 
the valley is occupied by the debris of rockfalls. The 
blocks are scattered in wild eonfusion, and some are 
as large as cottages. 

The Valais contains also several ancient moraines, 
one east of Filet opposite Zenhitusern, and a larger 
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one between Lax and Wyler; but the most imposing 
is that east of Viesch. It partly forms the Gibelegg, 
forces the road to make several zigzags, and bears 
the village of Furgangen, extending towards Bodmen 
in the Viescherthal, and Belwald in the Valais. There 
is another large moraine at Ulrichen. 

In the centre of the village of Biel is a great 
erratic block. 



C r dZHI Granite T^^^^Trlas 

Fig. 120.— Section of the Rhone Valley at Ulrichen. 


Above Biel the road crosses a great mound long 
grown over and covered with beautiful fields and 
meadows, but evidently the result of a prehistoric 
I'ockfall. The deep gash from which the mass fell 
is still clearly visible above Ritzingen. 

Near Reckingen are remains of several ancient 
moraines, and at Mtlnster another great rockfall, with 
its corresponding hollow like that of Ritzingen. 

From Biel to Oberwald the lateral streams form 
a succession of cones, which drive the Rhone from 
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one side to the other, and form marshy places by 
damming up the valley. MUnster is built on a 
specially large cone. 

At Ulrichen Calcareous and Dolomitic rocks re- 
appear; they are the continuation of the fold in the 
lower part of the valley. From Baltschieder to 
Ulrichen, however, they have been removed by 
denudation, which has cut down to the Crystalline 
rocks. 

Above Oberwald the true continuation of the 
valley is up the little stream of Gingis. The larger 
one, which comes down from the glacier, is really a 
transverse affluent, but from its greater size is re- 
garded as the source of the river. 

In the wood through which the road rises from 
Oberwald to the glacier the rocks have been much 
worn and rounded by glacial action. 

Just before arriving at the hotel the road enters 
another longitudinal valley, in which lies the beauti- 
ful glacier of the Rhone. At present the front 
of the glacier is about 20 minutes’ walk from the 
hotel , the intermediate plain being an interesting 
illustration of fluvio-glacial deposits. 

Like most of the Swiss glaciers that of the Rhone 
retreated during the first ten years of the century, 
.after which it advanced and in 1820 reached within 
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1 50 metres of the houses at Gletsch, where it formed 
a small terminal moraine. From 1822 to 1844 it 
again retreated; then commenced another period of 
advance, and in i855"6o the front was within 
100 metres of the moraine of 1820. From that 
time it has again retreated. 

Shortly above the hotel is the moraine of 1820, 
forming a well-marked curved ridge, whiclr stretches 
across the valley, except where it has been cut 
through by the river. About 100 metres further is 
the moraine of 1855-60, which was the terminal 
moraine of the glacier when I first saw it. Then 
follows a stretch of irregular moraine matter, showing 
in miniature the same irregular heaps, which on a 
large scale we find near the moraines of the ancient 
glaciers. It is interesting to notice the difference 
between the angular rocks which have fallen with 
avalanches from the sides of the valley, and the 
rounded blocks w'hich have been brought by the 
glacier. The larger of these often show a marked 
difference on the two sides, being (Fig. 36, vol.i. p. 148) 
rounded on the side turned to tlie glacier, and 
rugged on the other. Some of the blocks have 
evidently been pushed along by the ice, leaving a 
furrow behind, and making a little mound in front. 

The river leaves the glacier in many streamlets, 
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but mainly issues from a beautiful blue arch, now 
(1895) nearly in the middle of the glacier face, and 
some 25 metres high. The lower glacier is some- 
what spoon-shaped, with radiating crevasses. Above 
it is a fine icefall, of which a splendid view is ob- 
tained from the road over the Furka; above the fall 
is a flat expanse of ice, ending in a great snow- 
field. 

The Furka is a deep trough with gneiss on each 
side and Jurassic strata in the centre, marmorised 
by pressure, and containing Belemnites and Penta- 
crinites. 

The synclinal is continued along the Urseren- 
thal, and goes, deep down, having been found with 
little change in the tunnel of the St. Gotthard Rail- 
way. 
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CHAPTER XVIII. 

THE BERNESE OBERLAND. 

The Bernese Oberland seems at first sight a 
chaotic wilderness of mountains and valleys, snow- 
fields, and glaciers, without any plan or regular ar- 
rangement. 

The more however the district is studied, the 
more the details are ascertained, the more do dif- 
ficulties and anomalies disappear, and the points 
which still remain a mystery will doubtless be ex- 
plained by future observations. 

The Aar massif may be described as an ellipsoid 
mountain mass, running from S.W. to N.E.; bounded 
on the N.E. by the Upper Reuss; on the S.E. by 
the Urserenthal and the Rhone from its source down 
to Leuk; on the N.W. by the great wall of the 
Bernese Oberland; and on the S.W. by the valley of 
Leuk. These lines of demarcation, however, though 
practical and convenient, are, it must be remem- 
bered, somewhat arbitrary. The valley of the Reuss 
is a transverse valley of erosion, cut out by the 
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river, and the rocks on both sides are identical; it 
corresponds to no difference of geological structure. 
The valley of the Rhone is, on the contrary, a 
“geotectonic” valley, due to a great fold in the 
strata, but still geologically speaking of but recent 
origin. The great Bernese Oberland wall (Fig. 121) 
is an escarpment due to the weathering back of the 
Jurassic strata; and the valley of Leuk, like that of 
the Reuss, is a transverse valley of erosion. 

Though the Aar massif is detached, it is no 
isolated phenomenon. The Protogine, which forms its 
nucleus, is mineralogically and chemically very similar 
to that of Mont Blanc, and it is obvious that these 
two mountain masses are merely two upthrows of the 
same central rock. 

Atmospheric influences and the agency of water 
have cut the slopes of the longitudinal ridges into 
deep valleys, thus forming transverse ridges, which 
again are carved by denudation into separate sum- 
mits. 

These ridges, therefore, form N.W. and S.E. 
chains, as for instance on the west of the massif, the 
ridge which runs from the Bietschhorn to the Dubi- 
horn, or from the Nesthorn to the Faschhorn and 
the Gredetschhorn; and on the east from the Schreck- 
horn and Lauteraarhorn. 


Fig. I2I.— Section across the Aar Massif from the Doldenhorn across the Gasteren Thai to the Valiey of Leuk. 


K.I., 

Doldonhcn 
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The whole massif may be considered as the root 
or stump of a gigantic arch, itself thrown into a 
number of folds and troughs. The centre of the 
whole district is the majestic Finsteraarhorn , the 
monarch of the Bernese Oberland. To the N.E. are 
three main longitudinal valleys, indicated by the 
Gauli glacier, the Unteraar glacier, and the Oberaar 
glacier; and to the S.W. the great Aletsch glacier, 
the Aletsch Firn, the Upper Lotschen Thai, * and the 
Kander Fdrn. 

The Granite and Gneiss, as already mentioned 
(an/gj p. 72), show a very complex structure, and 
the Central Gneiss presents a well-marked “fan 
arrangement.” 

Fig. 12 1 gives a section from the Kleine Dolden- 
horn across the Gasteren Thai and the Lotschen 
Thai, showing that the first is an anticlinal, the 
second a synclmal. 

The Kander Firn and Tschingel Firn lie in an 
anticlinal valley. The Dala to the east of Leukerbad 
is also cut down between the Lias and the Upper 
Jurassic, the latter forming an escarpment. 

The longitudinal valleys are, however, for the 
most part synclinal. 

The Aletsch is the greatest of all Swiss glaciers. 

* The lower part of the Lotschen Thai is a cross valley. 

Scenery of Switzerland. II. 
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It is 15 miles in length and covers 50 square miles. 
It commences with a great snow sheet, the Grosse 
Aletsch Firn, the lower or N.W. end of which is 
known as the Concordia Platz. From this immense 
central snow-field radiate the Jungfrau Firn to the 
N.W., the Ewigschneefeld to the north, and the 
Aletsch glacier to the S.E. The view from the 
Grosse Grtinhorn is peculiarly arctic, for though it 
is very extensive, scarcely any trace of green is 
visible. 

The Maijelen Thai falls in about the centre of the 
Aletsch glacier on the south side. If there were no 
glacier, the stream from this valley would join that 
of the Aletsch valley. The Aletsch glacier, however, 
occupies the great valley, and dams back the water 
of the lateral stream. The side of the glacier forms 
a cliff, 1 50 feet in height, and rising some 50 feet 
above the level of the Marjelen See. From this cliff 
great masses are detached from time to time, which 
float as miniature icebergs in the lake. 

To prevent the water from rising too high a 
channel has been dug, which carries off the surplus 
down to Viesch. Every few years, however, some 
change in the glacier lets out the lake, which rushes 
under the ice down the Massa valley. The Maijelen 
See is quite unique. The pure white of the icebergs, 
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the deep blue of the lake, the precipice of ice, the 
glacier, the green meadows and the surrounding 
mountains, make one of the most beautiful and ex- 
traordinary scenes in the whole Alps. 

The view from the summit of the Eggischhorn has 
long been celebrated for its extreme beauty. 

The Lotschen Thai district is one of the most in- 



teresting and instructive regions in the whole Alps, 
and the contortions here attain their greatest com- 
plexity. 

The ridge of which the Ferden Rothhorn, the 
Resti Rothhorn, and the Faldum Rothhorn form three 
summits, is especially remarkable. In Fig. 122 we 
see that the strata are very steeply inclined, and 
form a compressed synclinal fold, itself again several 
times folded. The centre of this trough now forms 
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the summit of the Ferden Rothhorn. Though now 
therefore rising into mountains, they are really a 
closely compressed and folded trough. * 

Fig. 123, representing the upper part of the 
Faldum Rothhorn, gives a vivid idea of the compres- 
sion, contortion, and crushing which the mountain has 
undergone. 



The remarkable, and long inexplicable, fact that 
on the Jungfrau and the Monch the far more ancient 
gneiss overlies tlie Secondary Calcareous rock, is due 
to the existence of these great folds in the strata. 

The west flank of the Jungfrau, as seen from the 
Ebnefluh, shows a great band of Calcareous rock 
lying on and covered by gneiss. 

* Felleuberg, 2. Gw/. /sT. d. Sckw., L. xxi. 
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This remnant of Jurassic rock, originally over- 
lying, but now folded into the Gneiss, can be traced 
from the Jungfrau to the Petersgrat, on the northern 
flanks of the Ebnefluh, the Mittaghorn, Grosshorn, 
Breithorn, and Tellispitzen. It does not, however, 
extend through the mountain, but is, so to say, a 
wedge folded into it. Moreover, the wedge is itself 
folded, and contains two inner wedges of Eocene 
rock, which reappear near the hotels at Murren, on 
the other side of the Lauterbrunnen valley. 

Seen from the north the mountain appears as a 
wall of Calcareous rock, with a summit of Gneiss. 
The total height is 4167 metres, of which about 
800 metres is gneiss, the base being Upper Jurassic. 

The structure of the Mdnch* is simpler, but it 
also belongs to the region of overfolded gneiss, which 
has a thickness of goo metres, resting again on 
the Jurassic. The upper surface of the Calcareous 
rock is not horizontal, but inclined at an angle of 
about 20°. 

In both cases the cap of gneiss is part of the 
great fold, and was originally continuous with the 
gneiss to the south and south-east. The Eiger, on 
the other hand, is a typically Calcareous mountain. 

In the case of the Jungfrau the fold has a depth 

* Baltzcr, Beitr. z. Geol, K, d, Schw., L. xx. 


150 SCENERY OF SWITZERLAND. 

of 3 km., at the MOnch of 11., and to this distance 
the older and underlying Gneiss has been regularly 
folded over, so that it now lies upon the younger 
and originally upper strata. The Jungfrau wedge is 
regarded by Heim as the western continuation of the 
fold of the Windgalle. It had been supposed by 
some authorities that the Gneiss was thrast over the 
Jurassic, but Baltzer is clear that the inversion is due 
to folding and not to overthrust. 

In some cases the Calcareous rock seems to be 
forced into the gneiss; this, however, is due, not to 
eruption, but to kneading and squeezing. 

Further to the west these great folds are well shown 
in the valley of the Aar. At and above Meiringen 
(see Map opposite), the valley is excavated through the 
Jurassic strata, in which the celebrated gorge of the 
Aar has been cut through a belt of rock known as 
the Kirchet. Immediately above the Kirchet is a 
narrow band of older (Triassic) Sedimentary rock, 
and then we come to gneiss, the line of junction 
having the usual south-east and north-west direction. 
Further up the valley, however, is a second belt of 
Jurassic age, capping the Laubstock on the west and 
the Pfaffenkopf on the east, but cut through by the 
valley; while still further up, but at a greater height 
and consequently further from the valley, tliere is a 
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second narrow band cropping out at the Bettlerhom 
on the west, and the Stiergrund on the east, while 
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Eui. 124. - Sketch Map of Alciringen district. 


the SchOnalphorn, the Benzlauistock and the whole 

district beyond are gneiss. 

The Jurassic strata originally covered the gneiss. 
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and according to Baltzer they were thrown into folds, 
and these t\ro belts of Jurassic are two of the w’edges 
formed by the folds. Similar folds are shown in 
Fig. 1 20, but in that case have not been eroded. 
The valley itself, except just at Urvveid, is on gneiss, 
above the gneiss is Jurassic, and over that gneiss 



Engclhom 


Gneiss 


Fir,. 125.— Section showing the calcareous wedges of the Schon.alphorn 
in tlie Urbachthal, 


again. The same arrangement is well seen in the 
Urbachthal which joins the main valley at Hof. It is 
one of the most beautiful, as well as most interesting 
in the whole district. The bottom of the valley is of 
gneiss, the west side (Engelhorner) is Jurassic, rising 
to a height of 1900 metres, the right gneiss with 
however three bands of Jurassic (Malm) (Figs. 124, 
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126); these are really the remains of folds as shown 
in the figures. 

On the Gstellihorn there are actually five of these 
wedges or folds. It is in this respect the most re- 
markable case in the district. 

The line of junction of the gneiss and the Cal- 
careous rock is perfectly clear and sharp, so that the 
hand may cover both kinds of rock at the same time. 
There is absolutely no trace of any intermediate 
layer, such as marble, nor any change in the char- 
acter of the Calcareous rock.* 

It is evident, therefore, that the schists and sedi- 
mentary rocks have not been actively broken through 
by the granite and gneiss, but that they were de- 
posited on them, all three having been passively and 
simultaneously thrown into folds. 

The great wall of the Bernese Oberland (Fig. 121, 
ante, p. 144), which stretches eastwards from the 
Gemmi by the Balmhorn, the Doldenhorn, the Bliimlis- 
alp, the Eiger, the Mittellegi, the Scheidegg, the Gadmer 
Fluh, and the Schlossberg to Erstfeld on the Reuss, 
with a nearly perpendicular height of 1000 metres, is 
in fact the escarpment of the Secondary rocks, which 
formerly covered the whole massif. 

That these Secondary rocks once extended further 

* Fellenberg, Beitr. z. Geol. K. d. Sclvw., L. xxi. 
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south is clear from the dip of the strata (Fig. 121, 
ante, p. 144). 

Moreover, some fragments of the Secondary strata 
still remain preserved in the deepest folds. At both 
ends of the ellipse Jurassic strata run up for some 
distance, as for instance, on the west, the Jurassic 
belt which quits the Valais at Raron and runs north- 
east by St. German, Leiggern, and the Kriiliggrat 
towards the Hohe Egg. 

To the east and west, however, these are cut off 
by denudation. Along the northern border of the 
gneiss, a series of Jurassic rocks extends at intervals 
from the Ferden Rothhorn by the Tellispitzen, on 
the flanks of the Breithorn, by the Ebnefluh, the 
Jungfrau, and Monch. 

More in the centre of the region another line 
commences with the Blauberg,* (so called from the 
bluish Jurassic rock, which makes a striking contrast 
with the surrounding Crystalline region), and is also 
exposed at Farningen in the Meienthal, at Rothbergli, 
and at Staldi in the Intschithal.** Lastly, on the 
south comes the Jurassic fold of the Upper Valais. 

Another evidence is that the northern transverse 
valleys, instead of tapering to the ridge, run boldly 

* On some maps it is marked as the Greissenhorn. 

** Baltzer, J3eitr. z. Geol. K. d. Schw.f xxi. 
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up to it, as for instance the Gamchi glacier at the 
head of the Kienthal. 

Indeed, though the great wall is unbroken, blocks 
of granite and gneiss, which must have come from 
the central massif are found to the north of the wall. 

The amount of denudation has therefore been 
enormous. The central peaks of gneiss and granite- 
gneiss, the Bietschhorn, Gr. Nesthorn, etc., tower up 
to a great height; but in our imagination we must 
replace on their summits, not only beds of Crystal- 
line schists, such as those which form the Tschingel- 
horn, the Breithorn and the Finsteraarhorn itself; but 
over this again we have to pile the whole series of 
the Secondary strata, whose enormous thickness the 
great wall of the Bernese Oberland enables us partly 
to realise. Like the Titans of old we must pile Ossa 
on Pelion in our imagination, and realise that as in 
the Greek myth, so also here it has been stripped off 
by the powers of the air. 

The present configuration of the surface is there- 
fore mainly the woi'k of denudation, and w’hile the 
longitudinal valleys are on the whole tectonic, the 
transverse or cross valleys which cut into and in 
some cases almost across the massif, the Trifl glacier, 
the two Grindelwald glaciers, the Aar, the Reuss, etc., 
are valleys of erosion. The highest peaks are some- 
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times due to the greater hardness of the rock; some- 
times, and perhaps even more, to the accident of 
their position which has exposed them less to the 
action of erosion. 

The Aar massif, as Baltzer says,* is in fact a 
gigantic torso. 

Indeed, anyone who carefully considers the great 
wall of the Gemmi, or of the Bliimlisalp, towering 
over the valley of Leuk and the Kander Firn, will be 
convinced that the Jurassic strata form the north limb 
of a great arch extending southwards. 

These remarkable folds throw some light on the 
magnificent scenery and grand proportions of the 
Bernese Oberland. The Jungfrau and Monch owe 
much of their beauty to the combination of gneiss 
and Calcareous rock. These, indeed, are exceptional 
instances, but the height is probably in great measure 
due to the extreme amount of compression and fold- 
ing which has taken place. The enormous depth of 
the comparatively narrow valleys is another remark- 
able feature of the district. The steep precipices of 
the Wetterhorn have a height of 2000 metres. This 
also is greatly due to the same cause. The Cal- 
careous rock (Hochgebirgskalk) which forms the lower 
part of the mountains is very inflexible. Folding 
* Beitr. z. Geol. K. d. Schw., L. xx. 
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might indeed take place at great depths, but near 
the surface there would be innumerable rents and 
fractures, which would reduce it almost to the state 
of a breccia, and leave it a comparatively easy prey 
to atmospheric influences. 
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CHAPTER XIX. 

THE UPPER AAR. 

The Upper Aar from its source to the Hospice 
occupies a longitudinal valley. It is fed by the two 
great glaciers known as those of the Oberaar, and 
Unteraar. The Unteraar glacier, which is about nine 
miles in length and two broad, has, from its con- 
siderable size and level surface, been selected for 
many scientific observations. As long ago as 1827 
Hugi built a hut on it, the remains of which were 
found by Agassiz in 1840, having moved forward 
about 4600 feet. In 1841 Agassiz himself built an- 
other hut on the glacier, long known as the Hotel 
des Neufchatelais. A peak visible from the Hospice 
has been named the Agassizhorn, in recognition of 
his valuable researches. At the Hospice the Aar 
turns northwards at a right angle into a cross valley. 
The rocks here, and down to Handeck, are remark- 
ably glaciated, and the contrast between the lower 
portion, smoothed by the glacier, with the rugged 
and jagged rocks above is very marked. 
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At Handeck is the magnificent Fall of the Aar, 
certainly one of the finest waterfalls in Europe, from 
its height and the volume of water, the gloomy gorge 
into which it falls, and the wild character of the 
whole scenery. Moreover, the effect is considerably 
enhanced by the fact that another stream, the 
Handeck or Erlenbach, coming from the west, falls 
into the same chasm; and that from about ten 
o’clock to one in the day the spray reflects a beauti- 
ful rainbow. 

The fall of Handeck is not, like so many others, 
a series of cascades, but the river leaps over with a 
single bound. This is due to the presence of a hard 
ridge of granite, which projects beyond the softer 
Gneiss-granite, and Eyed-gneiss. 

Below Handeck, and as far as Guttannen, is a 
broad belt of Sericitic Phyllite. At Guttannen the 
Gneiss reappears and continues as far as Innert- 
kirchen, broken however by another band of Phyllite 
at Urweid, and by the Jurassic folds already men- 
tioned {ante, p. 1 5 2). 

At Inneitkirchen the Gneiss dips under the 
Triassic and Jurassic strata, the former represented 
by a narrow belt, the latter forming the continuation 
of the great wall of the Bernese Oberland. Near the 
junction of the Gneiss and the Jurassic strata the Aar 
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crosses a longitudinal valley, known as the Urbach- 
thal (see ante, p. 152) on the west, the Gadmen- 
thal on the east. In both cases the lateral valleys 
are at a higher level than that of the Aar, following 
the general rule that transverse valleys are e.xcavated 
more rapidly than longitudinal, and the result is in 
each case a sharp rise from the Aar valley, that of 
the Urbach being the steeper of the two. 

Below Innertkirchen the valley of the Aar is in- 
terrupted by a ridge of Jurassic rock, known as the 
Kirchet, above which it has been supposed that the 
river once formed a lake in the depression known as 
“Hasli-im Grund.” Of this, however, there is no 
direct evidence, and it is possible that the river cut 
through the ridge as it rose. Studer* was disposed 
to regard the depression as due to an earthquake. 
In fact, however, it simply follows the normal slope 
of the river. The Aar has cut for itself a magnificent 
gorge, 300 to 400 feet deep, one of the longest and 
deepest in Switzerland. At both ends the rocks are 
much glaciated. 

Near the upper end is a water-worn channel, 
which runs down by a steep path to the present 
river level. This is an old course of the river. The 
gorge of the Aar used to be regarded as due to 
* GeoL d. SchweiZf vol. i. 
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fracture, but the whole section has evidently been 
cut by the river, and the characteristic marks of river 
erosion occur from top to bottom. 

Below Meiringen the river flows through a broad 
flat valley, which was evidently once much deeper, 
and formed part of the Lake of Brienz. On each 
side are bold walls of Jurassic rock, with well-marked 
weather-terraces. As in other cases it is evident that 
the lake formerly extended some distance up the 
valley, in the present instance as far as Meiringen, 
and that it has been gradually filled up by the river. 

The Lake of Brienz is g miles long, 2 wide, 
566'4 metres above the sea, and 305 in depth. The 
lake follows the line of junction of the Cretaceous 
strata on the north, with the Jurassic on the south. 
Both sides are precipitous, and the celebrated falls 
of the Giessbach are near the east end, opposite 
Brienz, where the stream in a succession of cascades 
descends the steep wall of Jurassic strata. The ridge 
on the north is Neocomian capped by Urgonian. 

The Lakes of Brienz and Thun were originally 
one, and the level plain upon which Interlaken stands 
has been formed by the deposits of the Lutschine 
coming from Grindelwald on the south, and of the 
Lombach which drains the valley of Habkern on the 
north. To judge from the depth of the lake, these 
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deposits must be at least looo feet in thickness. It 
is said that until the fourteenth centuiy the Lutschine 
ran into the Lake of Thun, and mterfered with the 
outflow from the Lake of Brienz giving rise to an 
unwholesome marshy plain, and that the nuns of the 
Convent of Interlaken turned it into the Lake of 
Bnenz. The Aar on the plain of Interlaken follows 
a winding course, being first diverted to the right by 
the cone of the Lutschine, and then to the left by 
that of the Lombach. The original lake, before it 
was divided by the formation of the plain, passed 
through a narrow gap in a fractured and displaced 
Neocomian ridge, very like that which nearly bisects 
the Lake of Lucerne at the two Nasen. 

Grindelwald rests on a rockfall from the Rothi- 
horn, which occupies almost the whole bottom of the 
valley.* To the S.E. of the church, however, a ridge 
of Dogger comes to the surface; while to the S.E. of 
the debris, and at the edge of the Jurassic (Malm), 
a narrow band of Flysch extends N.E. to Meiringen. 

The Grindelwald glacier formerly descended lowest 
of all the Swiss glaciers, the end being in 1868 only 
1080 metres above the Sea. Of late years, however, 
it has considerably retreated. From Grindelwald the 
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wall of the Oberland passes west to Meiringen over 
the Grosse Scheidegg, and east to Lauterbrunnen 
over the Kleine Scheidegg. At Lauterbrunnen is the 
beautiful Staubbach waterfall, one of the highest in 
Europe, the fall being between 800 and 900 feet. 
The height being so great, and the volume of water 
comparatively so small, it is shivered into spray before 
reaching the bottom, whence its name, the Dust 
Stream. “It is,” says Byron, “in shape, curving over 
the rock, like the tail of a white horse streaming in 
the wind — such as it might be conceived would be 
that of the ‘pale horse’ on which Death is mounted 
in the Apocalypse. It is neither mist nor water, but 
a something between both; its immense height gives 
it a wave or curve — a spreading here or condension 
there, wonderful and indescribable.”* 

The Lake of Brienz occupies a deep synclinal fold, 
the strata on the South side of the Lake are vertical, 
sometimes indeed overhanging. Fig. 127 shows a 
section from north to south; from Guggenhilrli across 
the Habkern valley and the Harder ridge to the Aar 
near Interlaken. It will be seen that the valley of 
Habkern is a valley of erosion, and that the Harder 
and Rieder Grat is formed by Urgonian, Neocomian, 
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and lower Cretaceous (Berrias) strata curving upwards 
towards the lake, over the present site of which they 
must at one time have formed a great arch. The 
present south edge of these strata is not their original 
boundary. They are not the shore of the cretaceous 
sea, but were formed in a sea which at one time 
stretched far to the south. The lower cretaceous 



beds in fact reappear in patches and bands along a 
belt running from near Gsteig, parallel to, but some 
distance south of the Lake; and the Eocene along 
another belt, from the Bay of Uri, by Meiringen, to 
Grmdelwald. These must not be regarded as deposits 
formed in bays or fjords, but as remnants of once 
continuous deposits. 

The valley of Habkern is also celebrated for 
many fragments and blocks of red granite, known as 
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Habkern granite, which occur also in other neigh- 
bouring valleys, but are here particularly numerous. 
One of them attains a size of 400,000 cubic metres.* 
They are enclosed in the Flysch, and must therefore 
have been transported in Eocene times. No granite 
of this character is at present known in the Alps (see 
ante, p. 66). 



Along the north of the Lake of Brienz is a range 
of hills known as the Harder. At Interlaken they 
suddenly cease, but on the other side of the valley, 
and a little further to the west, is another similar 
range running in the same direction. These two are 
geologically similar, and are in fact parts of a once 
continuous range which has been dislocated and dis- 


* Kaufinann, Beitr, Geol, JC, 4 , Schw,, L. 25x11. pt. I, 
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placed. The strata composing it are inverted; the 
most ancient being at the top. 

But though, no doubt, the Lakes of Brienz and 
of Thun at one time formed a single lake, they 
are of a totally different character. The Lake of 
Brienz occupies, as we have seen, a longitudinal 
valley. 

On the other hand, the Lake of Thun is for the 
most part a transverse valley of erosion. Fig. 126 
gives a section across the Justithal, between St. Beaten- 
berg and Sigriswyl, which, as will be seen, is an 
anticlinal valley. The mountains on the South side 
show remarkable contortions, and appear to have 
been subjected to pressure acting from different 
directions. 

The lower end of the Lake of Thun is dammed 
up, at anyrate in part, by the deposits of the Simmen 
and the Kander. There is a curious point connected 
with the exit of the river Simmen (Simmenthal) from 
the mountains near Simmis. Instead of following the 
low ground between the Stockhorn (Jurassic) and the 
Niesen (Eocene), it has cut a gorge through the end 
of the former, detaching the Burgfluh (Jurassic) from 
the rest of the Stockhorn, of which evidently it 
formed originally a part. It is probable that this is 
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due to the amount of debris brought down by the 
HOllengraben and other torrents coming down from 
the Niesen, which have driven the Simmen to the 
north of the Burgfluh. 


Thai von Bonstetlon. 
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CHAPTER XX. 
zOrich and glarus. 

The Lake of Zurich is about 26 miles long and 
3 m width; is 142 metres in depth and 409 above 
the sea. The immediate scenery, though not grand, 
IS soft and rich, with a great air of comfort and 
civilisation. 



The whole valley was excavated by water in 
pre-glacial times, and subsequently occupied by the 
glacier. 

As we look up the lake from Zurich we see in 
front the fine range of snow mountains from the 
Glarmsch to the Windgalle and Titlis. The valley 
on the left is bounded by a ridge of Mollasse— the 


ZURICH AND GLARUS. 


169 


Zurichberg. On the right are two ridges. The nearer 
and lower one is the lateral moraine of the glacier 
during the last Ice Age; the upper ridge is the 
Albis, 1 500 feet in height, consisting of Mollasse and 
corresponding to the Zurichberg. The very summit 
of the Albis is also capped by glacial deposits, and 
the glacier extended at one time as far as Waldshut. 
The hotel on the summit of the Uetliberg stands 
partly on Mollasse, partly on the Moraine. 

After a long period the climate improved, the 
glacier retreated, and the melting ice caused torrents 
which cut into and redistributed much of the material 
brought down by the old glacier, forming great fluvio- 
glacial deposits, more or less cemented together, and 
(see mite, p. 57) known as “Deckenschotter.” Im- 
mediately under the restaurant at the summit of the 
Uetliberg is a considerable thickness of this deposit, 
forming perpendicular cliffs, under which are remains 
of moraine. The “Deckenschotter” being pervious, 
and the moraine impervious, to water, springs occur 
at the junction of the two. 

The glacier during the Second Ice Age also ex- 
tended to Waldshut. It does not appear, however, 
to have stood very long at its extreme limit. The 
terminal moraine is unknown. To this period, how- 
ever, belong the side moraines at Zugerberg, Hohe 
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Ronen, Gubel, on the top of the Albis range, Hasen- 
berg, Ztlrichberg, etc. 

The moraines of the last Ice Age are, as might 
naturally be expected, more clearly marked, and 
have greatly determined the scenery of the district. 
The lateral moraine, as already mentioned, forms 
the low range of hills on the west of the lake, and 
separates it from the Sihl. 

The outermost terminal moraine of the last Ice 
Age is perhaps that at Kilhvangen, below which is a 
mass of fluvio-glacial deposit, forming the so-called 
Wettingerfeld. 

The next termina,! moraine is just below Schlieren. 
Then comes the great moraine of Zurich; its highest 
points are the MuggenbUhl, the hill of the Botanic 
Garden, the Lindenhof, the quarter known as Winkel- 
wies, and the Hohe Promenade. Outside of the 
moraine is a great stratified mass of fluvio-glacial 
deposits, and the whole forms a ridge which con- 
stitutes the lower lip of the Lake of Zurich. The river 
has cut through the ridge to a depth of 1 1 metres; 
the lake must therefore have formerly stood at 
that height above its present level, and joined the 
Lake of VValen, from which it is only separated by a 
flat plain. 

The glacier during its retreat made another long 
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halt at Wadenschwyl and Rapperschwyl, forming 
moraines, the latter of which reaches almost to the 
water-level, and has been utilised for the railway. 
It bears a number of erratic blocks, some, and in- 
deed when the water is low many, of which project 
above the water-level. 

The Lake of Zurich then is a drowned river 
valley dammed by a moraine. The valley of the 
Linth, as the Upper Limmat is called, is a cross 
valley, the upper lake from Utznach to Richterswyl 
is longitudinal, the upper portion of the lower lake 
crosses the strata somewhat diagonally, while the 
rest of the lake and the Lower Limmat is again a 
cross valley. 

On both sides of the Lake of Zurich are a 
series of terraces. They are especially conspicuous 
from Meilen to Stafa, and at Horgen (see vol. i. 
p. 214). 

The valley itself, like the others which cross the 
Swiss low country, no doubt commenced in pre- 
glacial times. During, if not before, the first inter- 
glacial period it was excavated to its full depth, i.e. 
considerably below the present level, and partly re- 
filled during the Second Glacial period. In pre- 
paring the foundation for the quay bridge at Zurich, 
the glacial deposits were pierced to a depth of 


172 


SCENERY OF SWITZERLAND. 


40 metres without reaching the bottom of the valley, 
and they are estimated at a thickness of over 
100 metres.* 

Indeed, unless there is some cross ridge of which 
we have no evidence, it follows that, as the lake has 
a depth of 142 metres, we may, even without allow- 
ing for any slope of the valley, assume that the dam 
of glacial matter must have as great a height, or, 
adding the 1 1 metres, no less than 675 feet. 

I have throughout spoken of this valley as that 
of the Limmat. As a matter of fact, however, it 
was at one time occupied by the Rhine, and per- 
haps originally belonged to the Sihl; the Linth or 
Upper Limmat then flowed through what is now 
known as the Glatthal, until the great Rhine glacier, 
pressing westwards, drove it unto the then valley 
of the Sihl, and subsequently retreating left the 
Glatthal a deserted valley, only traversed by the little 
stream of the Glatt. 


The Sihl. 

With the history of the Lake of Zurich, that of 
the river Sihl is closely connected. Its course is 
curious, and its history veiy interesting. 

Rising in the mountains of Schwyz it makes 
* Pu Pasquier, Beitr. ?. G(ol, K, d. Schw., P. xxici. 
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Straight for the Lake of Zurich. At Schindellegi it 
is only 3 km. (less than 2 miles) from the lake, and 
no less than 350 metres, or 1150 feet above it. 
Here, however, the moraine opposes a barrier which 
the river has found insuperable, though it only rises 
to about 12 metres above the level of the stream, 
and the consequence was that the Sihl was diverted 
from its natural course. 

The Upper Sihlthal, above Schindellegi, is a 
broad flat valley. The moraine of the Linth glacier, 
however, pushed the Sihl to the west and finally 
excluded it from its own valley. It flowed by Sihl- 
brUck, and Baar, where a broad valley, now dry, 
leads towards the Lake of Zug. This was the 
second course of the Sihl. Its adventures, however, 
were not concluded. During the Third Ice Age the 
glacier of the Reuss occupied the Lake of Zug and 
gradually built up a moraine from Menzingen, east 
of SihlbrUck to Mettmenstetten and on to the north. 

That this moraine belonged to the glacier of the 
Reuss is proved by pebbles of Eurite from the Ma- 
deranerthal, pieces of porphyry from the Windgalle 
and of Gotthard granite.* 

The river thus dammed back, took the only 
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course open to it, viz. its present bed between the 
Albis range and the great moraine on the west of 
the Lake of Zurich. The present — third — course of 
the Sihl, therefore, only dates back to the close of 
the glacial period. It is remarkable that similar 
conditions, though not so well marked, occur with 
reference to several of the other Swiss Lakes: thus 
the Kander has been dammed back from the Lake 
of Thun, and the Arve from the Lake of Geneva. 

The Walen See. 

The Lake of Walen, or Walenstadt, offers a great 
contrast to that of Zurich. It is about lo miles long, 
II. in breadth, 423 metres above the sea, and 151 
in depth. The scenery is grand and stem. The 
south side slopes steeply, and the north is almost 
perpendicular, the clitfs rising to a height of nearly 
3000 feet. As will be seen by Fig. 129, the strata 
are folded on themselves. Beyond them are ex- 
tensive pastures, which rise to the edge of the cliff. 
The figure shows the remarkable contortions to which 
the strata have been subjected. 

The district on the south, between the lake and 
the Rhine valley, has also been the seat of tremendous 
changes. 
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The Glarus Mountains. 

The district of Glarus is indeed one of the most 
interesting in the whole of Switzerland. If we ascend 
the mountains on the south of the Walen See we 
find everywhere the Verrucano as the basal rock; on 
it lie Rdthidolomite, Lias, Brown Jura, Malm, Cre- 
taceous strata and Eocene, — all, whenever present, 
in their regular order. But farther to the south all 
this is changed, and the strata are actually inverted. 
The newest rock. Eocene, is the lowest, and on it 
lie successively the Cretaceous, Malm, Brown Jura, 
Lias, ROthidolomite, and Verrucano, which caps 
several of the mountain summits. This inversion of 
the strata covers a space of over 1 1 30 square km., 
and has long been a great puzzle to geologists. 
Escher, who studied the district with great care, 
came to the conclusion that the facts could only be 
explained by a great fold, turned over as it were so 
as to invert all the rocks. A similar inversion takes 
place on the south-east, so that there is a great 
double fold, starting from the Walen See on the 
north, and the Rhine valley, — say from Waldhaus 
Films to near Chur on the south. The facts seemed 
so incredible that Escher hesitated to publish it. He 
told Heim that if he did, no one would believe it. 
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The subsequent researches of Heim, which he has 
published in his two great works, the Mechaiiismus 
der Gehirgsbildimg , and the twenty-fifth vol. of the 
Swiss Beitrage, place it in his opinion beyond a doubt. 

The arrangement will be rendered clearer by the 
following section from the Walen See to the valley 


Oulnira leiHimin IfiHiiaia Siuiou Vaiiiiiiiliii 



Fig. I2g.— Section from the Walen See to the valley of the Rhine at 
Waldhaus Flims, a little above Chur. M, Miocene; E, Eocene- 
C, Cretaceous; Jurassic; D, Dogger; R, Rauch wacke; V, Verrul 
cano. 

of the Rhine at Waldhaus Flims, a little above Chur, 
which is given in Fig. 129. 

On Butzistockli, a fairly accessible point to the 
west of the Karpfstock and east of the Linththal, 
Prof. Heim* shows that there is a complete series 
from Malm to Verrucano (Carboniferous), but in re- 


* Heim, Livret Guide. 
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versed order, the older rocks lying over the younger, 
and being reduced to about a tenth of their original 
thickness. 

The inverted Verrucano caps several isolated, or 
almost isolated, summits, viz. the Hausstock, the 
Rtichi, and the Graue Horner on the north, — the 


S6,rdona 



Flimserstein Vorder-Rhein-Thal 

Tlmgegend von 

Trinserk Ponna, Plims Yorder-Rliftin Scalaorafi 



Fig. 130. — Section across the Vordcrrhcinthal from Weissmeilen 
to Versara, 


PizDartgas, Surrhein, Vorab, Laxerstockli, Piz Segnes, 
Ringelspitz, etc., on the south, and occupies a con- 
siderable district between the Linththal on the west 
and the Sernfthal on the east, in all these cases 
actually overlying the later rocks. 

If this explanation be correct, the Verrucano, 
which caps the mountains as shown in Fig. 129, 

Scenery of Switzerland, II. 


12 


obenlMrg 



178 SCENERY OF SWITZERLAND. 

must be continued below. That this is so is proved 
by the section shown in the Taminathal at Vattis 
(Fig. 1 31), where the valley is actually cut down to 
the Verrucano. In the eastern district of the fold 
we find a similar case in the dee)) valley of Limmern- 


Fig. 131, — Section across the Taminathal from Mels to Chur. 

tobel. Heim considers the views from the summits 
of the Hausstock, Ringelkopf, and Graue Horner as 
among the grandest in the whole Alps. 

That the Jurassic strata once extended far be- 
yond their present limits is shown by Fig. 132, giv- 
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ing a section across the Stock-Pintga, where the fold has 
preserved a small outlier of either Lias or Brown Jura. 

The sections (Figs. 130 to 135) really enable one 
to form a clearer conception of the country than even 
a long description, and give a general idea of this 
interesting district. 


The root, so to say, of the north fold c,xtends 
from Fluelen by the Linththal to near Glarus, and 



Fig. 132. — Section of the Stock-PIntga from Val Rusein. d, 13rown 
J ura or Lias ; e, Triassic Dolomite ; Carboniferous strata. 


thence towards Sargans: and the southern border of 
the northern fold runs in a slightly curved line say 
from the Todi, by Elm, and the Foopass, south of 
the Graue Horner, and across the Tamina to the 
Rhine valley some distance below Chur. 

The root of the south fold on the west appears 
first at Panix, and follows approximately the valley 
of the Rhine from near Truns to Chur, concealed, 
however, by immense deposits of gravel, etc. Beyond 
Chur it cannot be traced. The north border of the 
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south fold lies somewhat south of the south border 
of the north fold. The fronts, so to say, of the two 
folds approach nearest at the Hausstock on the north, 
and the Kalkhorn on the south; and again (Fig. 130) 
at the Foostock from the north to the Piz Segnes on 
the south. 

The formation of the two folds was probably 
contemporaneous, though Heim considers that the 
south fold probably commenced first. 

The effect of the double fold has been to shorten 
the distance between the Walen See and the Rhine 
valley by 32 km., that is to say from 67 km. to 35.* 
The north fold is go km. long with a ma.ximum 
breadth of 16 km., the south fold 48 km. long with 
a maximum breath of 13 km. Altogether the strata 
are reversed over a surface of 1130 square km. 

But though we thus get a general idea of this 
wonderful and interesting district, there are many 
questions still to be cleared up. The commence- 
ment of the folds to the east and west are still 
obscure, and the strata are in many places so 
crumpled, contorted, crushed, and metamorphosed 
that they can scarcely be recognised. 

In many places the ridges are very sharp, and 
in the Vorab chain above Elm, in the Sernfthal, the 
* Heim, Mech, d, Gebirgshildung^ vol. i. 


ZURICH AND GLARUS. l8l 

Steep calcareous strata form a wall lOO to 150 
metres high, but very narrow. At one place the 
rock has weathered away, leaving an opening 16 
metres high and 20 metres broad, known as Martin’s 
Loch. It is so high over Elm that twice in the year, 
on the 4th and 5th March and the 14th and 15th 
September, the sun shines through it on to the spire 
of the village church. 

But we may ask why is there this extraordinary 
amount of folding and contortion in the Glarus dis- 
trict between tire Walen See and the Vorder Rhine? 
If the general explanation of the structure of the 
Alps which has been given in previous chapters be 
correct, it follows that the amount of folding in any 
section must be approximately equal. Now im- 
mediately to the east and west the great Glaius 
double fold is represented by a number of smaller 
ones. Further still it is replaced, and the necessary 
economy of space is obtained, by means of the 
Central Massives. In fact, if we look at the map we 
shall see that in the district of the Alps correspond- 
ing to the double fold, from the St. Gotthard on the 
west to the Silvretta on the east, there is no Central 
Massif. The Central Massif and the double fold are 
complimentary to, and replace one another.* In fact, 

* Rothpletz (Geotektonhche Problcme) has propounded an- 
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in the Massives the central fold turns upward; in the 
Cjiarus double fold, downwards. 

The district contains two remarkable cases of 
rockfalls. One belonging to prehistoric times, in the 
valley of the Linth, above Glarus, was from a cornice 
named Guppen on the east flank of the GlSmisch. 
The aspect of the valley between Glarus and 
Schwanden contrasts strikingly with that above and 
below. It consists of unstratified, more or less 
angular, debris of calcareous breccia, and the stones 
show numerous marks of concussion. It consists 
principally of Malm, with a small proportion of 
Dogger, Cretaceous, and Verrucano. It rests on 
and is covered by glacial deposits, and as in other 
cases dammed up the valley and formed a lake. 

The other great rockfall, that of Elm, was the 
most disastrous which has occurred since that of the 
Rossberg. It took place on the nth of September 
1 88 1 from the side of the Tschingelberg, at a height 
of nearly 3000 feet. Over 80 houses were destroyed 
and 1 15 persons killed. The place is still a scene 
of wild desolation; — 


other explanation, based on faults and overthrusts. Without 
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The Gdarnisch. 

The Glarnisch is another complicated case of 
foldings.* It is both orographically and geologically 
a trough. The strata are folded on one another like 
an S cut off at the two sides by the valleys of the 
Linth and the Klon. Baltzer gives the following 
table showing the sequence of the strata on the 
eastern Glarnisch: — 

Actual Sequence on 
Normal Sequence. eastern Glarnish. 


Eocene 

Urgonian 

TJrgonian 

Neocomian 

Neocomian 

Valenginian 

Valenginian 

Neocomian 

Upper Jura 

Urgonian 

Middle Jura 

Neocomian 

Lias 

Valenginian 

Trias 

Neocomian 

Dyas 

Upper Jura 

Middle Jura 
Lias 


Upper Jura 


Middle Jura 


Dyas 


Upper Jura 
Eocene 


* Baltzer, Der Glarnisch. 
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It will be seen, therefore, that the folds are very 
complex. The Eocene, the most recent formation 
of all, is at the very base, and the folds have, in 
some cases, completely squeezed out particular strata. 
To the east of the Glarnisch is the Silbern, where 
Heim has found a similar structure, but even more 
magnificently developed. 



WiNDGALLE. 

The Windgalle group have been admirably de- 
scribed by Heim. The strata have not only been 
folded by pressure acting in a direction nearly north- 
east, but actually for a distance of 1 to 2 miles 
thrown back upon themselves (Fig. 133). The 
Porphyry, though an eruptive rock, is much more 
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ancient, and has taken no active part in this remark- 
able overthrust. It has been perfectly passive, being 
itself folded with the other strata. The whole region 
is particularly instructive. 

At the commencement of the Carboniferous 
period the older sediments, converted more or less 
into Crystalline Schists, contained already intruded 
masses of Granite, and were thrown into folds, form- 
ing a mountain chain. Over these sediments a mass 
of porphyritic lava was poured from some volcano or 
volcanoes, the site of which has not yet been dis- 
covered; and this lava was subsequently covered by 
another series of Carboniferous deposits. Before the 
Permian another period of folding occurred, and the 
folds were partly denuded, during a long period of 
subsidence, in which no less than 500 metres of 
calcareous sediment was deposited. The porphyry, 
which now occupies the summit of the Windgalle at 
a height of 3000 metres, was then covered under a 
great thickness of Jurassic and Eocene strata. Finally 
came the foldings which have given rise to the pre- 
sent mountains, in which all the strata from the 
Carboniferous to the Eocene are folded conformably 
together. 
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CHAPTER XIX. 

THE RHINE. 

In previous chapters I have traced the great fold 
of Switzerland, not indeed from its commencement, 
but along the valley of Chamouni, over the Col de 
Balme, up the Rhone from Martigny to Obenvald, 
and over the Furka. It then forms the Urserenthal, 
and passing over the Oberalp, descends the Tavetsch 
and forms the valley of the Upper Rhine. 

To the east the direct route to the Rhine valley 
would be by the Pass da Tiarms, north of the 
Calmot. The road, however, rises by a series of 
zigzags and passes to the south. On crossing the 
watershed the glen of Tavetsch opens out. It has a 
length of about 5 km., and on the north presents 
two terraces, one about 60, the other 2 to 3 metres 
above the river. The valley below terminates in a 
narrow gorge near the village of Sedrun. Below the 
gorge is a second broad stretch of valley, that of 
Dissentis, which itself is again closed by a second 
gorge below. Under the enormous gravel deposits 
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of Dissentis are the remains of an ancient forest. 
The stumps of the trees, which are still upright, 
have in some places been exposed by denudation. 

As in the case of the Rhone, so also here, the 
Swiss maps fait to convey a clear idea of the 
geological features, though for this they are not to 
blame. They gave a separate colour for the Bilndner- 
schiefer on the south of the river, in which no fossils 
had been found, and the relations of which were 
consequently uncertain. Recent researches, however, 
indicate that some of these schistose rocks belong 
to the Jurassic period, and correspond with the 
strata on the left of the river. 

The Vorder Rhine, which may be considered as 
the true Upper Rhine, is generally stated to have its 
source in two small lakes, the Lake de Siarra, and 
the Lake Toma on the north flank of the Sixmadun. 
The tributaries which the Vorder Rhine receives on 
the north side are of secondary importance (see vol. i. 
p. 214 ), but on the south it is joined by the Mittel 
Rhein at Dissentis, the Somvix at Somvix (Summus 
vicus, the uppermost village), the Valser Rhein or 
Glenner at Ilanz, the Rabiusa near Versam, the 
Hinter Rhein at Reichenau, the Plessur at Chur, the 
Landquart near Maienfeld, and the 111 near held- 
kirch. The Rhine repeats to a certain extent, and 
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for the same reason, the condition of the Aar below 
Soleure, which also on account of the general slope 
of the country receives all its important tributaries 
on the south. 

Several of these streams are dangerous torrents, 
and are still rapidly deepening their valleys. For 
instance, the Glenner, which drains the Lugnetz, and 
falls into the Rhine at Ilanz, is in very active opera- 
tion. Its valley is a deep notch, almost a gorge. 
The villages are situated high above the stream on 
an old river terrace, which in the lower part of the 
valley has a height of looo metres, and at Ober- 
lugnetz of about 1500, above the water.* None of 
the lateral streams are able to form cones, all the 
material they bring down being swept away by the 
Glenner. Under the village of Riem the whole 
slope is in a most insecure condition, the houses are 
continually cracking and giving way, and have to be 
supported and restored. 

The drainage area of the Upper Rhine was 
formerly larger than it is at present. The Italian 
rivers having a steeper course, have here, as else- 
where (for instance, in the Engadine [see p. 240], 
and indeed we may say along the ridge of the Alps 
generally), eaten their way northwards, invaded the 
* Heim, Beitr. z, Geol. K. d. Schw,^ L. xxjv. 
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Swiss valleys and carried off to the south certain 
streams which were originally tributaries of the 
northern rivers. The Scaradra, for instance, to 
judge from its upper river terraces, formerly ran by 
Motterasco and Greina, into the Val Somvix, and so 
to the Rhine at Surrhein. The Carassina again, 
which now makes a sharp turn and flows into the 
Brenno near Olivone, ran north into the Val Camadra 
and by the Greina Pass to Val Somvix. This sug- 
gestion may seem at first improbable, but river 
terraces can be traced to a height of 2200 to 
2400 metres. 

The upper part of the Rhine,* as far as Dis- 
sentis, presents in many places w'ell marked gravel 
terraces, which probably belonged to the period when 
the river was damned by the great rockfall of Flims. 
They are not mere river cones, but regularly arranged 
terraces, with a steep fall towards the main river. 
They cany us back to a time when the masses of 
debris which fell from the sides, or were brought 
down by the lateral streams, were subjected to a 
process of regular rearrangement, and they attain 
such dimensions that the villages all stand on them. 
The present state of things is very different; erosion 

* Riithneyer, Eiszeit und Pleiocene auf beiden Seiten der 
Alpen, 
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prevails over deposition, the lateral streams have cut, 
and every year are cutting, more deeply into the 
terrace, and the Rhine itself is undermining it, so 
that the houses have in many places had to be set 
back. The formation of these masses of debris, their 
arrangement in a regular terrace, and the present 
period of removal, represent three different phases 
in the history of the river. 

Though the general line of the river was pro- 
bably determined by the great longitudinal fold of 
Switzerland, the exact course has been affected by 
various circumstances. It must be remembered that 
the river originally ran at a great height, at least 
2000 metres, above its present level, and it is there- 
fore by no means easy to ascertain what determined 
the exact line. Moreover, the strata not being 
horizontal, the centre of the present probably 
diverges more or less from that of the original 
valley. 

The following figures will, I think, give a better 
idea of the structure of the Upper Rhine Valley than 
even a long description. 

134 gives a section across the valley at 
Dissentis. The river runs on a deep bed of recent 
deposits, resting on steeply inclined crystalline 
rocks. 
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At Somvix the structure is similar. The next 
figure (Fig. 135) gives a section at Trims, and shows 


Fig. 134. — Section across the Rhine Valley at Disscntls. 

the structure of the Bifertenstock and the Brigelser- 
horner. 

From Trims to Ilanz the valley is excavated in 


Fig. 135. — Section across tlic valley of the Rhine at Truns. 

Verrucano, which forms the root of the south wing 
of the great Glarner double fold (see ante, p. 175). 


"P.Miexdl 
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Above Ilanz and below Chur the Verrucano is in 
its natural position, but between the two it is folded 
on itself. 


Fig- 136 gives a part of the double fold on the 
Sardona and the great rockfall at Films. 

From Hanz to Chur the river corresponds, not to 



a synclinal, but to an anticlinal zonej and if we con- 
sider its present position only it is difficult to under- 
stand the line it has taken. We must, however, 
endeavour to carry back our imagination to a time 
when It ran at a level say 2500 to 3000 metres 
higher. If we realise this and replace the strata 
which have been washed away, we should {see ante, 
p. 180) find ourselves in the fold at the base of the 
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south wing of the Glarner double fold. This trough 
determined the original direction of the river, which 
has cut down to the present anticlinal arch. Originally 
it occupied a synclinal valley, but its present con- 
dition is entirely the work of erosion. 

Waldhaus-Flims stands far above the river, in 
beautiful woods, on the site of the greatest rockfall 
in Switzerland. The date of the fall is uncertain; it 
came from the Flimserstein, and the mass is no less 
than 700 metres in thickness. The Rhine has cut 
deeply into, but not yet through it. As usual with 
rockfalls the surface is very uneven, and contains 
several lovely little lakes. 

At Reichenau and Bonaduz the old river terraces 
are specially well marked. The remarkable changes 
which appear to have taken place in the river-system 
of this region have been already alluded to (vol. i. 
pp. 220, 221). 

Symonds regarded the valley of the Averser 
Rhine as the finest example of high river scenery 
known to him. “Without,’' he says, “going into 
details of description I will say that I have never 
seen anything in the way of high river scenery to 
equal this. The Averser Rhine beats the Sesia and 
the Mastalone hollow, and has long odds against the 
streams of the Dolomites, which I have always 

Scenery of Switzerland. If, ^3 
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thought enchanting. It has a tremendous volume 
of the purest azure water, which sometimes hides 
itself in cembratufted gorges, sometimes swims 
through grassy meadows with wide swirling curves 
that hollow out the turfy margin to their liking, 
sometimes carves a narrow monumental way through 
solid marble pure as Parian or Pentelican, sometimes 
falls thundering in cataracts encircled with a dozen 
changeful rainbows, sometimes glides deep and 
solemn in dark pools, which make one dream of 
death and long to dive in them and find the mys- 
tery.” * 

Below Reichenau are several remarkable hum- 
mocks in the valley, known as the Rosshtlgel, the 
origin of which has been much discussed. Heim 
regards them as the remains of a great rockfall. 

The valley here is occupied by gravel, etc., of 
unknown depth. The conspicuous band in the cliff 
on the left side of the valley below Chur is Neoco- 
mian. 

The upper part of Chur is built on the great 
cone of the Plessur. The Prattigau, which lies on 
the east side of the river from Chur to Maienfeld, is 
considered to be an area of subsidence. 


Symond’s Biography, vol. ri. 
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Ragatz is celebrated for its hot springs and the 
gloomy gorge of the Tamina. 

The valley of the Rhine at Sargans below 
Chur divides into two branches. At one time 
(see Figs. 59, 60; vol. i. pp. 220, 221) the river 
appears to have followed that on the left, and pass- 
ing through the Lakes of Walen and Zurich to 
have occupied what is now the course of the Limraat 
and rejoined its present course at Waldshut. At 
present, however, it takes the right branch and so 
joins the Lake of Constance at Bregenz. 

The ancient glacier of the Rhine extended beyond 
the Lake of Constance and even invaded the valley 
of the Danube. 

Here, as in the case of the Rhone, it is very in- 
teresting to see how the rocks forming the moraines 
retain their respective positions to the end. There 
are some characteristic rocks which are of very local 
origin. Guyot mentions especially ( i ) the Porphyritic 
Granite of the Puntaiglas district, (2) the Green 
Granite of the Julier Mountains, (3) the Brown Gneiss 
of the valley of Montafun. 

The Puntaiglas Granite keeps always to the west. 
One belt passes down the valley of the Lake of 

* Guyot, “Sur la distribution des especes de roches dans le 
basin du Rhone,” Bull. Soc. Neuchdtel, vol. i. 
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Walen, the other continues along the left bank of the 
Rhine valley to and beyond Winterthur. 

The Green Julier Granite occupies the centre. 
It comes from the mountains over the Upper Enga- 
dine, down the Oberhalbstein Rhine and the Albula, 
is scattered over the Canton of Thurgau, along the 
west of the Lake of Constance, and far away to the 
north and east. 

The Brown Gneiss of Montafun lies to the east. 
It comes down the valley of the 111 to the Rhine at 
Feldkirch, extends to the east of the Lake of Con- 
stance, and is abundant at Lindau, reaching far 
beyond Ravensburg. 

Thus the Puntaiglas Granite is found only on the 
west, the Julier Granite in the centre, and the Brown 
Montafun Gneiss on the east. 

The Lake of Constance is 400 metres above the 
sea and 276 metres in depth; it is 40 miles long 
and covers 208 square miles. At its west end it is 
dammed up to a certain height by the deposits of 
the ancient Rhine glacier. These, however, would 
not, as Prof. Penck has been good enough to inform 
me in a letter, account for more than say a quarter 
of its depth. 

It is therefore a rock basin. 
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Volcanic District of Hohgau. 

Volcanic phenomena play a very subordinate part 
in the physical geography of Switzerland. No doubt 
the masses of Granite, Porphyry, Syenite, Gabbro, 
Diorite, etc., sufficiently indicate the existence of 
plutonic forces, but the enormous denudation which 
has taken place has long, ago removed all the surface 
rocks, leaving only “necks” or volcanic chimneys like 
those found in Scotland and elsewhere. 



Fig. 137* Volcanic group of tho liohguu. Seen from the north-west. 


The district of Hohgau, north-east of Schaff- 
hausen, is however an exception. Here there is a 
group of comparatively modern, but extinct, vol- 
canoes (Fig. 1 37). Some are basaltic — Reidheim, 
Hohenstoffein, Hohenhowen; others are phonolitic — 
Hohentwiel, Magdeberg, and Hohenkrahen. They 
appear to have been of Miocene age, as phonolitic 
tuffs, probably derived from them, are interstratified 
with the freshwater deposits of Oeningen. 

The hills rise to a height of 850 metres, steeply 
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on the east and north-east. The tufa contains 
angular fragments of Jurassic rock, but no trace of 
any post-tertiary deposits. They are therefore post- 
jurassic; but although we find basaltic bombs, lava 
tears, ashes, etc., looking so fresh that one might 
suppose them to belong to an existing volcano, it is 
evident that the period of activity had already ceased 
before the glacial period. 

Below the Lake of Constance the Rhine ran no 
doubt nearly in its present course even before the 
glacial period, but not exactly. 

At one time it seems to have occupied the broad 
and now deserted valley of Klettgau. The present 
course has many marks of being comparatively 
recent. 

Hence the bars of rock, one of which causes 
the celebrated and magnificent fall at Schaffhausen. 
The ridge regulates the height of the Lake of Con- 
stance, which would have been much lower if the 
Rhine had been running in its former bed. 

The play and change of colour at the falls is 
wondeiful. In the early morning, as I have seen it 
from the Neuhausen side, the river above the falls 
looked like a smooth, undulating table of rock, from 
the ledge of which the water suddenly seemed to 
leap , as if the rock w'ere struck by a Prophet. As 
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the sun rose higher the upper river became a sheet 
of living silver, suddenly dashing down the falls like 
an avalanche, shot with green or springing up into 
the air in a shower of sparkling diamonds, tinged 
here and there with pink. By midday the upper 
reach of the river was deep violet, the lower water 
blue, gleams with green, and the white foam carried 
down into the depths showed much more distinctly, 
seeming to swim about in the blue like water spirits 

spreading out white arms. 

In the afternoon the water above became almost 
black, that below green with scarcely any blue. To- 
wards sunset it appeared again bluer, and the upper 
water lost much of its colour. 

In the fall itself there was less change from hour 
to hour. It was brilliantly white, and the water 
seemed to spring from rock to rock with restless glee. 
Towards evening, however, greenish tints appeared 
here and there. 

At present the Rhine-falls appear to be under- 
going little change. The oldest drawings and de- 
scriptions give very nearly the present details. This 
is mainly due to the absence of sand and gravel. 
The main work of the Rhine now is — accumulation 
between Chur and the lake; from the lake to the en- 
trance of the Thur little change is taking place; and 
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thence to Basle a slow cutting away and widening 
of the bed. 

The celebrated quarries of Oeningen, at the west 
end of the Untersee, are in freshwater calcareous 
strata reposing on the Mollasse. Heer has described 
no less than 50 species of Vertebrates, 826 insects 
and 475 plants from these deposits. 

The valley of the Rhine below Basle, as far as 
Mayence, is a band of subsidence as explained in 
the chapter on the Jura (see ante, p. 2 5). The calm 
and yet rapid rush of the river at Basle is very im- 
pressive, carrying the freshness, and the cool clear 
waters of the mountains to animate and purify the 
plains of Germany and Holland. 
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CHAPTER XXIl. 

THE REUSS. 

In previous chapters we have rapidly traced the 
great longitudinal valley of Switzerland from Cha- 
mouni to the confines of Germany. 

We will now in the same way consider the two 
great transverse valleys of the Reuss and the Ticino, 
which cross the Rhone-Rhine Valley more or less at 
a right angle, thus dividing Switzerland into four ap- 
proximately equal parts. 

The remarkable evidence of glacial action pre- 
sented by the Lower Reuss has been referred to in 
the chapter on Glacial Phenomena (vol. i. p. i6o), 
the probable origin of the Lake of Lucerne has been 
alluded to in the chapter on Swiss Lakes (vol. i. 
p. 248), and the surrounding mountains in that on the 
Outer- Alps (ante, p. 54). 

The Lake of Lucerne is 437 metres above the 
sea and is 223 metres in depth. From an ancient 
delta of the Muotta, and remains of terraces, it would 
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appear* that the water once stood some 30 metres 
above its present level. It would then have formed 
one sheet with the Lake of Zug. 

The lake itself, as its form clearly indicates, is no 
simple phenomenon, even like that of Zurich for in- 
stance, but is very complex. The surrounding hills 




Mollasse 
Poiidingnt€s 
iiibllasse marine' 

MoHclssc rouge 

Fig. 138.— Section through the Rigi and Vitznauerstock. 

at the western end are formed of Mollasse, thrown 
as already mentioned into two main arches (Fig. 138) 
running S.E. to N.W. The intermediate trough, or 
synclinal line, between them, passes by Krienz, south 
of Lucerne, crossing nearly the middle of the bay, 
near Ktlssnach, across the Lake of Zug from Immen- 
see to Walchwyl, thence to Egeri, and across the 

* Du Pasquier, Beitr. z. Geol. K. d, Schw.i L. XXXI. 
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Lake of Egeri to Schindellegi. Both the Mollasse 
arches have their summits razed. The Rigi and 
Rossberg represent the south wing of the south arch, 
and dip towards the lake. For the relation of the 
Rigi to the Vitznauerstock see ante, p. 60. 

If we look at the map we shall see th.at the 
Reuss makes a considerable detour by I.ucerne. The 
original course probably was by Schwyz, through the 
Lake of Lowerz, and the Lake of Zug, rejoining its 
present course by the valley of the T^orze. A slight 



relative elevation of the country round the Lake of 
Zug, or rather a depression further north, probably 
gave rise to the change, forcing the Reuss to alter its 
direction, and overflow at Lucerne. 

As already pointed out, the old river terraces of 
the Reuss can still be traced in places below Zug, 
and (see vol. i. p. 248) slope the reverse way to the 
valley. From this and other evidence we conclude 
that there has been a relative elevation of the land, 
which has dammed up the valley, thus turned parts 
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of the Aar and the Reuss into lakes — the two branches 
of the Lake of Lucerne known as the AIpnach See 
and Uuier See. The Bays of AIpnach and Klissnach 
are in fact a continuation of the valley of the Sarnen 
Aa, which forms the Lake of Sarnen. The Bay of 
AIpnach lies in a synclinal valley between two cre- 
taceous ridges which unite further west to form the 
Burgenberg. Several of the smaller bays, as for in- 
stance those of Langensand and Winkel, are due to 
the existence of comparatively soft and destructible 
strata. Ihe Bay of Uri is a transverse valley, part 
of the course of the Reuss. 

The Buochs-Brunnen-stretch is a trough, — perhaps 
the old course of the Engelberger Aa, when it joined 
the ancient Reuss at Brunnen and continued with it 
by Schwyz and Zug; the portion near Brunnen is, 
moreover, in a synclinal. The Wilggis-Vitznau basin 
on the contrary is a “combe.” The Mollasse (Nagelflue) 
of the Rigi slopes to it on the north, and on the south 
it is bounded by the fractured arch of the Biirgen- 
berg. The Bay of Lucerne is excavated in Mollasse, 
and is probably the most recent portion of the lake.* 
The Lake of Zug has somewhat the form of an 
hour-glass, owing to a bed of hard puddingstone 
which crosses it obliquely to the north of Immensee. 

* Rtitimeyer, Dcr Rigi, 
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The railway from Imcerne to Brunnen passes the 
scene of the remarkable rockfall of Goldau. The 
line runs between immense masses of puddingstone, 
and the scar on the Rossberg from which they fell is 
well seen on the left. The mountain consists of hard 
beds of sandstone and conglomerate, sloping towards 
the valley, and resting on soft argillaceous layers. 
During the wet season of 1 806 these became soaked 
with water, and being thus loosened, thousands of 
tons of the solid upper layers suddenly slipped down 
and swept across the valley, covering a square mile 
of fertile ground to a depth, it is estimated, in some 
places of 200 feet. The residents in the neighbour- 
hood heard loud cracking and grating sounds, and 
suddenly, about 2 o’clock in the afternoon, the valley 
seemed shrouded in a cloud of dust, and when this 
cleared away the whole aspect of the place was 
changed. The valley was blocked up by immense 
masses of rocks and rubbish, Goldau and three other 
villages were buried beneath the debris, and part of 
the Lake of Lowerz was filled up. More than 
450 people were killed. 

The Bay of Uri. 

The Bay of Uri used to be regarded as a typical 
valley of fracture. The bottom is, however, nearly 



Fig. 140.— The Bay of Uri. 
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horizontal, and it is evidently a river valley due to 
erosion. 

The two sides (Fig. 140) are reflections one of 
the other, though, as the lake runs nearly north and 
south while the strike of the strata is south-west by 
north-east, the corresponding portions of the strata 
on the west side lie somewhat further south than 
those on the east. 

Between Kindlimord and Schwybbogen a moraine 
covers the bottom of the lake, and rises within 
50 metres of the surface.* 

The walls of the Bay of Uri are formed mainly 
of Cretaceous strata lying on Jurassic (Malm, Dogger, 
and Lias), and thrown into various folds and arches. 

As we approach Brunnen from the west, a mag- 
nificent arch of Neocomian, capped (Fig. 140) by 
Urgonian (on which the hotels of Axenstein and 
Axenfels stand), may be seen at the commencement 
of the Axenroad, and on looking back from Brunnen 
the counterpart can be traced under Seelisberg. The 
strata are folded back upon themselves, over the 
summit of the Frohnalp (Fig. 140), and down again 
in a deep trough at Sissikon where the Cretaceous 
and Eocene strata are perpendicular. This great 
fold shows itself near Bauen on the opposite side of 
* Heim, Beitr^ z, Geol. d. Schtv.^ L. xxv.. 
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the lake, and the depression continues to the west 
up the Isenthal, and to Altzellen, south of Stanz, and 
eastwards by Rieinenstalden across the Muottathal 
and up the Starzlen brook. The strata exposed at 
Sissikon by no means form the bottom of the fold. 
It continues mucli deeper, and then, according to 
Heim, turns up and reappears just beyond the Tell 
Chapel, and at the opposite side at Isleten, where 
Eocene strata again occur. Such a contortion is 
almost inconceivable, but the marvellous foldings of 
the Neocomian strata, which we can see for ourselves, 
a little further along the road towards Stutzegg just 
before reaching I'luelen, are enough to convince us 
that it is not impossible, and Prof. Heim has certainly 
brought forward strong evidence in favour of his view. 

The two “Mythen,” which form a grand feature 
as we look up the Muotta Valley from Brunnen, 
consist of Jurassic and Triassic strata resting on 
Eocene. Their structure has given rise to much dis- 
cussion. The Buochserhorn and the Stanzerhorn present 
a similar arrangement, and the probable explanation 
has been given in chapter xiii. (see ante, p. 66). 

Valley of the Upper Reuss. 

For some distance above Fluelen the valley is 
occupied by deposits of the Reuss. The living rock 


THE REUSS. 


209 


first appears at Amsteg, from which village to Atting- 
hausen the road passes through a Flysch region of 
rich meadows and shady woods; from Attinghausen 
to the Bock brook about half an hour from Erstfeld 
is Hochgebirgskalk. 

The valley above Fluelen has been admirably 
described by Rutimeyer, from whose memoir* most 
of the following figures are taken. The Upper Reuss 
is a transverse valley, and in fact from Erstfeld to 
Luino on the Lago Maggiore, the strike and mineral 
character of the rocks on both sides of the valley are 
very similar. 

The two sides indeed are so similar that in 
several cases lines of fracture can be traced com- 
pletely across the valley. 

At Erstfeld the crystalline rock appears, mainly 
Mica schist, and micaceous Gneiss. As we look 
westwards— the jagged ridges of the crystalline rocks 
are in marked contrast to the softer outlines of the 
calcareous mountains. 

From Amsteg to Gurtnellen the prevalent rock is 
Sericitic Gneiss, with lenticular masses of Amphibolite, 
which stretches away south-westwards by Guttannen 
to the Lauteraarhorner and eastwards to the Tschingel 
Glacier. 

* liber Thai- u. Seebildung. 
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At Gurtnellen we come to Protogine, over which 
the Reuss Hows nearly as far as the Devil’s Bridge. 

At Inschi, a little way above Amsteg, a reef of 
hard Gneiss crosses the valley obliquely. The Reuss 
is still engaged in cutting through this barrier. Its 
upper edge is covered by debris and vegetation, but 



the gorge of the river (Fig. 141) is 200 to 300 feet 
deep with nearly vertical walls. 


It will be evident to anyone that this narrow 
gorge has been cut by the foaming water. Above it 
is the imposing summit of the Bristenstock, with a 
regular slope of over 2000 metres in height, except 
where it is indented by a river terrace, which will 
be again mentioned further on. As we ascend the 
valley we meet other Gneiss ridges, in some places 
* Uher Thai-- u. Seebildung^ 
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at fairly regular inter»-als of .1000 feet, evidently 
recurrent layers of specially hard rock. In proof of 
this it may be observed that each ridge has a weather 
and a lee side. The weather or upper side is sloping, 
ground and polished by the action of ice and water, 
while the side towards the valley has been left steep 
and rough. 

Between two of these reefs the Fellibach falls into 
the Reuss. 

The valley of the Reuss is here at a height of 



Fig. 142. — Reefs in the valley of the Reuss. 


713 metres. A very steep path leads up to the 
houses of Felliberg, beyond which the inclination be- 
comes much gentler. 

The bridge at Pfaffenspnmg below Wasen leads 
again across a vertical gorge over 100 feet in depth. 
Here the Meien Reuss reaches the valley in a deep 
cutting from the high-lying Meienthal. 

The Granite — or, as it is marked on the map, 
Granite Gneiss of the Upper Reuss — is vertically cleft 
in two directions approximately at right angles to 

14* 
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one another, and is divided, moreover, into horizontal 
layers at tolerably regular intervals of 3 to 6 feet. 
This structure gives it a tendency- — also present, 
though less pronounced, in the Gneiss— to break into 
six-sided blocks. The Gneiss of the Ticino has a 
similar character.* 

It is evident that the valley of the Reuss is a 
valley of denudation, and the factors which have 
determined its present configuration are rain and 
water, ice and frost, the character and structure of 
the rock, and lastly, the Reuss itself. The strata 
strike somewhat obliquely across the valley; they are 
nearly vertical, and differ greatly in hardness, form- 
ing reefs across the valley. These ridges divide the 
valley into a number of small basins. They dam 
back the water, which gradually saws through them, 
and then with comparative rapidity drains the basin 
above. Rutimeyer represents the phases of this 
sequence in the accompanying diagrams, representing 
sections of the valley, which repeat themselves over 
and over again. 

^ Fig- 143 ; I; the river is sawing through the 
rock. When this is accomplished, the process of 
widening begins and debris fall down from the sides 
(Fig. 143, II^. Gradually the valley becomes occupied 

* RoUe, Beitr, z, Geol. IC. d, Schw,^ L. xxin. 
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by debris, through which the river cuts a gorge 
(Fig. 144, III), and having done so, begins again to 
saw through the solid rock (Fig. 144, IV). 

Thus we have a succession of sawing, widening, 
filling, removal, and then sawing again. 

Owing to the nearly vertical position of the rocks 
they present the same character from the highest 
peaks to the bed of the river, and we are brought 
irresistibly to the conclusion, however incredible it 
may at first appear, that the whole valley has been 
cut out by the river. 

The Upper Reuss is evidently of great antiquity. 
It is older than the lateral valleys which drain into it, 
for it cuts across the ranges of mountains which 
divide them from one another. It must therefore be 
anterior to these chains, and we get an inkling how 
slowly they must have been raised, because the river 
must have had time to cut down into them during 
their elevation, so as to maintain its course. 

The valley shows clear evidence of glacial action. 
The hard rocks are in places quite polished. This is 
especially the case with the buttresses which stand 
like doorposts where the lateral glens open into the 
main valley, and particularly on the right side of the 
eastern glens, the left of the western, where of course 
the pressure of the ice was greatest. Among the 
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most beautifully polished are the left doorposts of the 
GSschenenthal, the Meienthal, and above all, the 
Gornerenthal. 

The hamlet stands on a ridge at a height of 
1543 metres, corresponding to the terrace above 
mentioned , which from this point of view can 
be clearly traced on the mountain sides both up 
and down the main valley. At the projections 



Fig. 143.— Section of the Reuss Valley. 


it generally bears the last winter dwellings (Arni- 
berg, etc.). To it also correspond the other side 
glens, which, with the exception of the Gdschenen- 
thal, the reason for which we shall see presently, like 
the Fellithal, after a comparatively gentle slope, drop 
rapidly into the main valley, so that from the Reuss 
the steep entrances are alone visible. The same 
difference of level between the main and the lateral 
valleys occurs in the Aar and other similar valleys. 
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The steep inclines become shorter as we ascend the 
Reuss, and from a favourable point of view it can be 
seen that their summits form a common terrace with 
an inclination less steep than that of the Reuss, so 
that if we look down the valley it becomes gradually 
higher and higher above the present river; while on 
the other hand, if we look up the valley, they con- 
verge, finally meeting at Andermatt. 



Fio. 144.— Section of the Reuss Valley. 


This “terrace” therefore commences at Ander- 
matt; it can be traced along the main valley, as a 
line or ridge on the steep side, and descending 
gradually, though not so rapidly as the floor of the 
valley itself, but attaining much greater dimensions 
in the side glens. 

It is obvious that this terrace represents a former 
“Thalweg” of the Reuss with much less fall than it 
has now, and that the lateral brooks have not yet 
lowered their valleys to the level of the main stream. 
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SO that these glens open at some distance up the 
side of the valley, and their waters join the Reuss by 
rapids or waterfalls. 

The Andermatt terrace is not, however, the 
oldest or highest. At a level of 2000 metres there 
IS a terrace even more ancient, but still clearly 
visible, indeed the one which was first observed, and 
which was represented by Agassiz long ago iL his 
view of the Bromberghdrner. Above it the rock sur- 
face shows no trace of glacial action. 

There is also a third less conspicuous terrace, at 
a height of about 800 metres, on which Gurtnellen 
stands, which represents the lowest level to which 
the ice has reached. Below it we find evidence of 
river action only. 

We have then four “thalwegs,” all rising to the 
south, but with veiy different inclinations, the steepest 
being the present Reuss Valley. They all converge 
upwards; the Gurtnellen terrace joins the present 
Reuss level at Wyler, the terrace of the side valleys 
at Andermatt, the 2000 metre terrace on the shoulders 

of the St. Gotthard, at Monte Fibbia, and Monte 
Prosa. 

These terraces are not of course continuous; in 
many places they have been washed away; they have 
been cut into by lateral torrents, but here and there 
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they appear, sometimes on one side of the valley, 
sometimes on the other. These conditions indicate 
successive phases in the history of the valley — 
periods of comparative quiescence between others of 
more rapid excavation. The two most conspicuous 
are the present river course and the 1500 metre 
terrace. The other two represent former limits of 
ice action, the 2000 metres the highest level to 
which the glacier attained; the 800 metre terrace 
the level of the valley when the ice finally re- 
treated. 

Rtitimeyer proceeds to consider the causes which 
gave rise to the phases of rapid action and relative 
repose, in which respect he regards the Goschenen- 
thal as particularly instructive, and he concludes that 
the periods of repose represent those of great extension 
of the glaciers. This explanation may apply to what 
I would call the two glacial terraces, but not I think 
to the others. The 1500 metre terrace is probably 
the level of the valley at a former time when the 
river had acquired its regimen, and ran for a long 
period at this level. Then came a subsequent eleva- 
tion; excavation recommenced, beginning at the lower 
end, and is still in progress; hence the difference 
between the slope of the terraces and that of the 
present valley. 
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The Ghschenenthal differs from the other lateral 
valleys, as already mentioned, in opening to the Reuss 
Valley on a level. 

Now why does this one valley differ in this re- 
spect from all the others? The answer is that it is 
a valley of a different character from the rest. They 
are due to lateral torrents. The Goschenenthal is a 
tectonic longitudinal valley, which is continued across 
the Reussthal, on the eastern side forming the Rien- 
thal. 

Prof. Heim has made an interesting calculation as 
to the annual denudation in the Reuss Valley. He 
estimates the yearly rainfall in the area drained by 
that river at 1,070,000,000 cubic metres, and the 
outflow of the river into the Lake of Lucerne at 
7 50)000)000. The daily discharge of sand he cal- 
culates as about 150,000 cubic metres, to which he 
adds a quarter for finely divided matter. This would 
be equal to about 1000 waggon loads a day. Ac- 
cording to his calculation then the average annual 
removal from each square kilometer of surface would 
be 242 cubic metres. 

From the amount of material removed he cal- 
culates the ages of the terraces as follows:— 
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The first or oldest . 


1,150,000 years. 

330.000 years. 

130.000 years. 

23,000 years. 


The second 
The third 
The fourth 


From the commencement of the excavation of 
the valleys to the present there would, he estimates, 
be required at the present rate of erosion a period 
of 3.750,000 years.* 

At GOschenen is the entrance to the railway 
tunnel, and above it we soon come to the gorge of 
Schbllenen, a grand instance of the power of falling 
water. The road and the river here acquire their 
greatest mclination. The road winds round a colossal 
plate of Granite, whose immediate predecessor in 
numerous great fragments hangs over the river to the 
Devil’s Bridge, and the Urnerloch is bored tlirough a 
reef, which once extended across the valley. The 
gorge is so narrow, that an avalanche might well 
block it and flood the Urserenthal again, though 
happily this is unlikely. 

The 2000 metre terrace is broad here, and 
intercepts most of the debris which fall from the 
Batzberg. 

The Urnerloch is one of the wildest and most 
striking scenes in Switzerland. Unfortunately of late 


* lleim, Mech. d. Geh., vol. I. 
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years it has lost much in human interest, first by the 
fall of the picturesque arch of the ancient Devil’s 
Bridge, which perhaps was inevitable, and secondly 
by the construction of great fortifications which sadly 
mar the grandeur of the scene. 

Certainly, as Forbes justly observed, “there is 
nothing more jarring to the impressions of stern 
grandeur and vast solitude than the not unfrequent 
occurrence of military works in many parts of the 
Alps.”* I am far, however, from blaming the Swiss 
Government; the responsibility does not rest with 
them, but with the great military powers which, if 
they continue their present policy, will bring Europe 
to bankruptcy and ruin. 

Urserenthal. 

On emerging from the Urnerloch we find our- 
selves on a most interesting spot. Suddenly the 
whole character of the scenery changes. We leave a 
narrow, wild, precipitous gorge, with a foaming river, 
more or less blocked by great masses of Gneiss and 
Granite fallen from the mountain sides above; we 
emerge on a tame, wide, flat, rather dreary plain. 

Travels thro^l.gh the Alps. When I was last there the 
rocks were also desecrated by some monstrous advertisements. 

It is to be hoped, however, that these are only temporary. 
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with totally different rocks; the whole physiognomy of 
the landscape is entirely different. 

In fact we find ourselves in a valley of another 
character, and belonging to a different order of things. 
We have left a transverse, and find ourselves in a 
longitudinal, valley; we have left a live, and find our- 
selves in a dead, valley. The Urserenthal is a part 
of the great longitudinal Rhine-Rhone fold which 
traverses Switzerland from east to west, cut off as it 
were by the Furka from the Rhone, and by the 
Oberalp from the Rhine. It is geologically a deep 
trough of Secondary strata (see Fig. q vol. i. p. 67) 
forming a fold in the crystalline rocks. The width 
of the Urserenthal is partly due to the softer char- 
acter of the sedimentary rocks. Above Andermatt 
is a small w'ood, which has been left as a protection 
from the avalanches. 

Above the Gallery on the left side of the Reuss, 
and in the Teufelsthal itself on the right side, there 
is a layer of Sericitic Gneiss about 300 metres thick. 
The Protogine ceases at the south opening of the 
Urnerloch, and is followed by about 500 metres ot 
Chloritic and Sericitic, often Quartzose, vertical Schist, 
which encloses a compressed trough of Secondary 
rock (Triassic and Jurassic). The Oberalp road is on 
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Gneiss, but at the third turning is a deposit of black, 
graphitic slate 65 metres in thickness. 

Near Hospenthal are several quarries in greyish 
black Lias containing Belemnites. The Furka Hotel 
stands on Jurassic strata, which can be traced, with 
one or two breaks, to Ulrichen in the Rhone Valley. 

The fold must descend to a great depth, for it 
was met with and traversed by the tunnel, (Fig. 93 
p. 73) which here is 300 metres below the surface.* 

From the Urnerloch to Hospenthal the two val- 
leys cross one another diagonally, and at Hospenthal 
the cross valley leaves the Urserenthal and ascends 
the St. Gotthard. 

We leave also the band of sedimentary strata 
and find ourselves again on crystalline rock. The 
broad saddle of the pass is seldom entirely free from 
snow; it is a wilderness of ice, and snow and rock, a 
sort of granite marsh. 

St. GoriHARD. 

The central mass of the St. Gotthard is a more 
or less elliptic mountain chain, whose ridge and 
highest summits lie much nearer the south than the 
north boundary. It is crossed by two long depres- 
sions. One begins in the Upper Glienthal, passes 
* Itritsch, Beitr . z. Geol, K, d. Schw., L. xv. 
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by the Wyttenwasser glacier to the Lake of Luceiidro, 
from there to the Fortunerthal and the Sella See, 
the Val Torta and the Canariathal to the Val Cad- 
limo. 

The summit is of Gneiss belonging to the variety 
known as Fibbia Gneiss. The strata strike parallel 
to the Urserenthal, and at the summit are vertical. 

North of the Hospice the Gneiss dips to the 
south, at the Hospice and on Monte Prosa it is per- 
pendicular, while south of the Hospice the dip is 
northwards, the south wing being, however, smaller 
than that to the north. This arrangement therefore 
gives a typical illustration of the celebrated fan-like 
structure. 

The Protogine of the St. Gotthard closely re- 
sembles both in chemical composition and micro- 
scopical structure that of the Aar massif, and they 
are probably continuous. 

At and surrounding the Pizzo Rotondo is a mass 
of Granite, which appears to be intrusive. It is 
evidently less ancient than the Gneiss, since it con- 
tains angular masses of that rock. 

From the St. Gotthard radiate six important 
rivers; the Rhone to the W., the Rhine to the E., 
the Reuss to the N.E., the Aar to the N.VV., the 
Ticino to the S.E., and the Toce to the S.W., and 
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though the summit does not now attain the same wild- 
ness or elevation as the heights of some other moun- 
tain districts, it presents all the other charms and 
interest of alpine scenery, and is especially interest- 
ing as the central point of the Swiss Alps. 
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CHAPTER XXIII. 

THE TICINO. 

The valley of the Ticino, or the Val Leventina, 
corresponds on the south of the Alps to that of the 
Reuss on the north. Below Airolo to Bellinzona the 
river runs, like the Reuss, in a cross valley, it fol- 
lows in the main the same direction, and like it is 
cut through crystalline rocks. It is of similar age, 
and is a valley of denudation, a child of the same 
rain and storms. 

At Airolo it crosses a longitudinal valley, which 
to the east is known as the Val Piora, and on the 
west as the Bedrettothal, just as the Reuss crosses 
the longitudinal valley of Urseren, and is joined by 
the brook from the Oberalp on the east, and the 
Realp-Reuss from the west. In both cases the 
stream coming from the west is the most consider- 
able. That which drains the Bedrettothal is generally 
considered as the Upper Ticino, but the direct con- 
tinuation of the Leventina is up the stream of the 
Tremola. 

Scenery of Switzerland. II. '5 
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Yet though the Val Leventina corresponds in so 
many respects to the Reussthal, in others they pre- 
sent great contrasts, and as we cross the pass the 
sceneiy changes like magic. The two valleys are, in 
the words of Rutiraeyer, twin brothers indeed, but 
brought up in a different climate, and clothed in a 
different dress. 

The valley of the Ticino, in the boldness of its 
features, the grandeur of its dimensions, and the 
beauty of its colouring, has certainly no superior in 
the whole Alps. 

From the quantity of snow which falls in the 
upper valley, the frequency of avalanches, and the 
character of the rock, we see here the effects of de- 
nudation on a scale which cannot be exceeded, and 
is hardly equalled, elsewhere. 

Below Airolo the valley is divided into succes- 
sive stages separated from one another by narrow 
gorges, corresponding to the sections already de- 
scribed in the northern valley: (i) The short piece 
between Airolo and Stalvedro, which really forms 
part of the Bedrettothal, corresponds to the Urseren- 
thal on the north side of the mountains: the gorge 
at Stalvedro is due to a ridge of Gneiss; {2) the 
section from Stalvedro to Dazio Grande; (3) from 
Monte Piottino to Calonico; and (4) the broad river 
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valley, which again may be divided into sections 
from Chironico to Biasca, Biasca to Bellinzona, and 
Bellinzona to the Lago Maggiore. 

The river terraces (Fig. 145), or at anyrate 
several of them, are well marked in the Val Leven- 
tina, sometimes in small detached pieces, sometimes 



in larger stretches rendered conspicuous by the white 
Campanile of the churches in the middle of the 
Mountain villages. 

In many places, however, the terraces have dis- 
appeared, and the sides of the valley are so steep 
that those which remain are far from secure. The 
valley has been the scene of many catastrophes 

15* 
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caused by parts of these terraces slipping down 
bodily into the valley. 

The best preserved terrace is that which belongs 
to the level of the Bedrettothal. It diverges from 
the present valley level at Madrano, and bears also 
the villages of Altanca (1392 metres), Ronco (1373), 
Deggio (1214), and Catto (1244). It corresponds 
with the terrace of Andermatt on the Reuss. In 
spite of the destructive glacial action it can be traced 
round Monte Piottino, and below it again forms a 
broad terrace, visible even on small maps as bear- 
ing the villages of Osco (1164), Mairengo (923), 
Primadengo (975), Rossura (1056), Calonico (987), 
Cavagnano (1021), and Sobrio {1095). Calonico is 
celebrated as the seat of the terrible catastrophe of 
28th September 1868. From Atlanca to Sobrio this 
terrace drops 300 metres, while the present river 
valley falls 900 metres. Here also, therefore, the 
figures closely correspond with those of the Ander- 
matt terrace in the valley of the Reuss. 

The terrace, though not so continuous, can also 
be traced on the right side of the valley, where it 
supports the hamlet of Nante, and the Alps of Ravina, 
Prato, etc., as far as Chironico. 

Above this terrace is a yet higher one, (Fig. 145), 
specially well marked to the south of Monte Piottino. 
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It supports no church villages, but some winter 
dwellings, as Ternologio (1590), Molare (1500), Ma- 
tengo, etc. 

Higher still is the upper glacier boundary, which, 
however, is only visible on some of the highest peaks 
on the right side of the valley, while the left side 
soon dips below it. 

As in the valley of Uri, so here again it is pos- 
sible also to trace the lower glacier level. It is 
clearly marked at the opening of the defile of Dazio, 
and below it is the narrow groove due to the sawing 
action of tlie river. 

At Monte Piottino the sawing has not even now 
progressed sufficiently far to enable the river to act 
fully on the part of the valley above. On the other- 
hand, the same cause has increased the fall and con- 
sequently the erosive power of the water below, and 
the position of Biasca is in consequence probably 
somewhat lower than would otherwise have been the 
case. 

The same conditions repeat themselves at Chi- 
ronico, and we may look forward to a time when 
the lowering of the ridge here will drain the basin of 
Faido, deepen the cutting at Dazio, and even affect 
the Bedrettothal. 

Shortly above Biasca an enormous rockfall took 
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place in 1512. It closed the mouth of the valley of 
Blegno; and from the railway the great scar on the 
mountain is clearly visible. 

The following profiles, giving sections of the 
valley, represent the successive phases in its history; 
part II. has passed through stage I, part III. through 
both the preceding. 

Below Chironico the river ceases to excavate, 
and is now filling up the valley. Beautiful evidence 
of its former action, however, still remains in the 
smooth concave surfaces of rock, 150 feet above the 
present water level, near the second bridge which 
carried the old road over the river. These can 
easily be distinguished from the more completely 
polished but convex surfaces, characteristic of ice 
action. They are very well shown at higher levels, 
and there are few more imposing remains of glacier 
action than in the Ticino Valley. As in the Reuss, 
the “Doorposts” of the lateral valleys, as for in- 
stance at Osogna, Cresciano, T.odrino, and Moleno, 
are highly polished. It is striking to find these 
clear proofs of ancient glacier action, not only among 
the Chestnuts of Osogna, but even further down the 
valley among the vineyards of Bellinzona, and the 
Cypresses, Olives, and Orange groves of Locarno. 

And this brings us to another feature which 
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Fig 14O —Cross Soctions of the V.illey of the Ticino. I., Bedrettu; 
II riotta • III., Faidu. The dotted lino Gl. represents the former 
elacier; a is the terrace of Molare (1500 metres) ; and b that ol 
Altanca, at Osco (iiOo metres); c is the beginning of a new 
terrace*; d is the lower lino of the former ghacier. 
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makes a great difference in the general appearance 
of the valleys of the Reuss and the Ticino. 

In the former we have dark fir forests, gradually 
giving place to beech and oats, then mixed with 
chestnuts and wheat. In the latter we have chestnuts 
and wheat, then vines on wooden trellises supported 
by pillars of Gneiss or Granite, passing more and 
more into the luxuriant vegetation of the south. 
This plan gives ea.sy access to the fruit, and the 
ground is not exhausted as it is when the vines are 
grown on trees. Moreover, the gneiss, though white 
when freshly fractured, rapidly assumes a rich brown 
tint, and weathers into rounded tower-like forms. 
The houses also assume more and more the char- 
acteristic Italian style of architecture, so different 
from that of the Swiss chalets. 

The Canton of Ticino, and indeed the whole 
district south of the Alps from Domo d’Ossola to 
Chiavenna, consists mainly of crystalline rocks, 
generally Gneiss, and more or less steeply inclined, 
being thrown into a number of folds, which, however’ 
require much further study. 

The Secondary rocks have been almost entirely 
removed by denudation,* but their former existence 
cannot be doubted, and remains still exist, though so 
Rolle, JJtntr, z. Ceol. K. d. Schw,,'\„ xxiil. 
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much metamorphosed as to be hardly recognisable, 
nipped as it were into some of the deeper folds. 
They are still, however, notwithstanding the pressure 
they have undergone, more destructible than the 
crystalline rocks, and often give rise to valleys, as 
for instance the trough which forms the Val Bedretto 
and crossing the Ticino the Val Piora; or the Rhein- 
waldthal at Spltigen.* 



One of the most important of these folds forms 
the valley of the Ticino from Locarno to Bellinzona, 
where it bifurcates, one branch formmg the Bregaglia, 
the other the Lower Val Tellina. 

At present, indeed, the Lower Val Tellina seems 
to be (Fig. 147) an anticlinal valley. But if we carry 
back our imagination to a time before denudation 
had proceeded so far, it is evident that the present 
valley once followed the line of the inclined synclinal 
* Studer, Geol. d. Schit)., vol. i. 
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of Cino. This is also illustrated by Fig. 57 (ante, 
vol. I. p. 2 1 6). 

One belt of sedimentary strata, now, however, 
much metamorphosed, can be traced the whole way 
from Craveggia in Piedmont, by Gravedona, to Cercino 
in the Val Tellina. 

Some of the smaller lakes in these regions, as 
foi instance those of Cadagno and Tremorgia, 
are “Meres” or lakes of sinking, like those of 
Cheshire. 

The massif of Ticino is now cut tiirough by a 
series of deep and wide valleys running like the Val 
Leventina from the north, southwards. These valleys 
owe their origin to the original slope of the ground, 
and must be of great age, dating back probably far 
into the Tertiary period. 

Several of the Italian Lakes descend below the 
sea level. The Lago Maggiore is remarkable for its 
colossal depth, no less than 655 metres. It is in the 
main a transverse valley, and at the north and south 
ends the geological structure of the two sides agrees. 
Ihe west bank between Arona and Baveno consists 
mainly of Crystalline Schists, while the east exhibits 
the whole series of subalpine strata, from the Cre- 
taceous to the Verrucano. 

The plain of the Po is probably due to subsidence. 
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It is the lower part of the great fold of which the 
Alps form the upper arch, and must descend far 
below the sea level. 

The alluvial deposits are of great, but unknown 
depth; at Milan a boring was sunk for 162 metres 
without reaching the bottom,* nor do we know on 
what strata the alluvium rests. The lakes therefore 
may be compared with the fiords of Norway or of 



Scotland; they are ancient river valleys, which have 
sunk far below the sea level. 

It is probable that the plain of Lombardy was 
an arm of the sea during part of the Ice Age, for 
the manner in which the glacial deposits have been 
evenly spread over the plain can hardly be accounted 
for except by marine action. The hill of the Superga, 
near Turin, is miocene, bent into an anticlinal.** 

* Penck, Moj'ph. der Erdoherjldchc^ vol. ir. 

** Penck, Morphs der Erdoberflachcy vol. ii. 
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Fig. 149 gives a section across the Ticino and 
Bernina Massives, from Weissberg in the north, to 
Dubino in the south. 

The L. of Lugano owes its complex form to the 
fact that it consists of two longitudinal, and two 
transverse valleys dammed up by moraines. 


Scegreblrgo Tessiner und Bernina Maesiv. Liro-Maesiv. 



It is remarkable that the Lago d’Orta differs 
from the other Italian lakes in having its outflow, 
not in the natural line of the drainage, viz. to the 
south, but on the contrary to the north. This is 
due to the southern end being closed by a 
moraine. 
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CHAPTER XXIV. 

THE ENGADINE. 

The Engadine, or valley of the Inn, from the 
Maloja, nearly to Kufstein, is a geotectonic valley. 
The upper portion can be followed down the Val 
Bregaglia, by Roveredo to Bellinzona, down the Ticino 
to Locarno, even beyond which it can be traced far 
into Piedmont. 

The Upper Engadine is in the main a district of 
Gneiss, capped by Crystalline schists, interrupted here 
and there by Granite and with troughs of Sedi- 
mentary rocks, so much altered, however, by heat 
and pressure as to be almost unrecognisable, but 
suggesting that the whole district was once covered 
by fossiliferous strata. 

Granite occupies a considerable district between 
Bevers and Piz d’Err (the Val Be vers being cut into 
it), both sides of the Julier road from the pass down 
to Silvaplana, a large tract south of Pontresina, and 
again the massif of the Monte della Disgracia. 
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The Bernina. 

Tlie Bernina is not a comparatively simple central 
mass like that of Mont Blanc, where we find a com- 
pact crystalline nucleus with well-marked fan-struc- 
ture. It is rather a complex mass of semi-detached 
bosses, which were long supposed to consist through- 
out of crystalline rocks; but more complete study 
has shown that these are only a mantle, covering a 
central mass of plutonic origin, and itself once covered 
by sedimentary deposits. 

The so-called fan-structure can be traced, but is 
not well marked.* 

The Bernina Pass itself has long attracted atten- 
tion as having no true watershed. The flat summit 
is occupied by four small lakes, at a height of 
22 20 metres, from the uppermost of which in wet 
weather the water often runs out at both ends north- 
wards to the Inn, and consequently to the Black Sea; 
southwards to the Poschiavina and the Adriatic. 

I'he valley of Pontresina, according to Theobald, 
is (Fig. 150) a synclinal between two masses of Granite 
and Syenite. 

'I’he Inn is a river which has been deprived of 
its original source. In most cases as we pass up a 
* Theobald, Beitr. z. Geol. K. d. Sch-w., L. m. 
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stream to its origin we find the valley becoming 
gradually narrow'er and less deep, until at last we 
arrive either at a mere rill on the side of a hill, or 
at a spring rising from a combe in the hillside, and 
finally at a ridge which forms the watershed. The 
Upper Engadine forms a remarkable exception. If 
we look upwards from Celerina towards the Maloja 



Fig. 150.— Section across the valley of Pontresina. 


we see above us a broad valley, which would appear 
to indicate a great river, the source of which must 
be miles away. Instead of this we have a succession 
of lakes, threaded on a small stream, and when we 
arrive at the Maloja, the main valley, still broad and 
deep, suddenly ends, and we find ourselves on the 
brink of a steep descent into the Val Bregaglia. The 
Engadine is in fact a truncated valley, the so-called 
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source of the Inn is in reality merely one of the 
tributaries of the old main river; and there is no Inn 
above the Lake of Sils, the sources of supply having 
been cut off. Nor is it only the main river which 
has disappeared, but several of the former tributary 
streams have been carried away into Italy. 

“If,” says Prof. Heim, to whom and to Prof. 
Bonney our knowledge of these facts is mainly due, 
“we imagine the valley southwards of the Maloja 
filled with cloud, over which we were looking to the 
clear heights above, we should see a series of valleys, 
the Val Marozzo, Val Albigna, so-called from the 
whiteness of the water, Val Muretto, etc., all con- 
verging towards the Inn, of which apparently they 
were undoubtedly tributaries. But the cloud lifts, 
and we see to our surprise that they open on the 
southern side of the watershed, and turn sharply 
down the Val Bregaglia.” 

The slope of the Val Bregaglia being much steeper 
than that of the Inn (Fig. 15 1), the river Maira has 
gradually cut its way back and appropriated more 
and more of the territory which originally belonged 
to the Inn. The waters of the Val Marozzo, now 
called the Upper Maira, and the Val Albigna were 
once tributaries of the original Pipper Inn, but have 
been carried off into Italy by the victorious Maira. 
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Hence the Upper Engadine at the Maloja is from 
the first a broad valley, because it represents part 
of the course of a stream which has lost its head 
waters. 

Though the evidence is not so striking we find 
a similar state of things on the Lukmanier, the 
St. Gotthard, the Cenis, in fact most of the great 
Alpine passes, and we may say with confidence that 
the watershed between Switzerland and Italy was 
formerly further south, and is gradually, though of 
course very slowly, retreating towards the north. 
Moreover, as already mentioned, the Nagelflue 
(Miocene) deposits of the great Swiss plain between 
the Alps and the Jura contain many pebbles which 
must have come from high mountain ranges to the 
south of the present watershed, being formed of 
rocks which do not occur in Switzerland, but are 
found in the Italian valleys. 

Another result of the change has been the forma- 
tion of the chain of lakes, St. Moritz, Campfer, Silva- 
plana, and Sils, which characterise the Upper Enga- 
dine. Under the former regime the flow of water 
down the main valley was sufficient to carry off the 
materials brought down by the lateral tributaries. 
But since the head waters have been cut off and 
carried away into Italy this is no longer the case; 
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hence the lateral streams have built up dams across 
the valley, thus causing the chain of lakes. 

The lake at Davos is probably due to a similar 
cause, the former head waters of the Landwasser 
having been captured by the Landquart. (See vol. i. 
p. 220). 

The Val Bregaglia and the Upper Engadine con- 
stitute, as already mentioned, one great trough 
valley. 

The west half of the Silser See and both sides 
of the Val Bregaglia as far as Nazarina are Talc 
Schists, much contorted. Isola stands on a river 
cone, formed by the stream of the Val Fedoz. The 
promontory opposite Isola is a ridge of Trias which 
runs south-west to the Piz Lunghino. Beyond it to 
the north is Serpentine; the north-east of the lake is 
Mica Schist, above which is Granite stretching from 
Piz Lungen to Piz Munteratsch, across which passes 
the Julier ' Road. It consists of white or pinkish 
Orthbclase, green Oligoclase, grey or white Quartz 
and brown Mica. These tints make it one of the 
most beautiful rocks in the Alps. The grains are of 
medium size. It crosses the valley and extends to 
Pontresina. Both the Val Roseg, and that of Mor- 
teratsch are excavated in it, and it forms a great 

16* 
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part of the Bernina mountains, though the actual 
summit is Syenite-Diorite.* 


The Lake of Silvaplana was no doubt once con- 
tinuous with that of Sils. The flat ground on which 
Sils stands is alluvium brought down by the stream 



from the Val Fex. On the left side are Triassic 
strata, the continuation of those already mentioned, 
and beyond them on the left of the lake is Serpen- 
tine. On both sides of the Lake Campfer is Granite, 
and at the lower end Casanna Schist. 


* Theobald, Beiir. z. Geol. K. d. Schw., L. in. 
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Fig. 152 shows that, as already mentioned, the 
valley of the Upper Inn is a trough. 

When we pass from the Granite of the Julier to 
that of Pontresina and the Rosatch we might at first 
suppose that the two banks of the Inn were in direct 
connection. This is however not so, but from Maloja 
to Scanfs the Inn runs in a trough of Schistose rocks, 
which separate the Julier from the outposts of the 
Bernina. They are principally Casanna Schists. 

The Lake of St. Moritz has Syenite on the west. 
Gneiss on the north, and Mica Schist on the south. 
At Celerina we come on the wide stretch of the 
Upper Inn which reaches to Scanfs. At Bevers is 
the opening of the wild valley of that name which is 
excavated entirely in Granite. The herbage is ex- 
cellent and the flora very rich, but the valley is un- 
inhabited in winter. It is almost inaccessible except 
at the entrance, the mountains surrounding it being 
extremely steep. 

During the Ice age the great glacier com- 
ing down from Pontresina probably blocked up 
the main valley to so great a height that those of 
the upper district from the Julier Alp, Val Fex, Val 
Fedoz, etc., were at one time driven over to Maloja 
and down the Val Bregaglia. Near Celerina is a mass 
of rock on which the church of St. Gian stands; it is 
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a quarter of a mile long, and one-eighth of a mile 
broad, and 150 feet high, rounded at the upper end 
and precipitous on the north-east towards the lower 
valley, showing that the ice flow was in the direction 
of the Inn. On the other hand, at Sils Maria is a 
similar mass of rock, with the slope towards the 
north-east and the precipitous side on the south-west, 
showmg that the ice-flow was in the opposite direc- 
tion. The ice-shed therefore must have been some- 
where near Campfer. Just in front of the great Ma- 
loja Hotel are some beautiful specimens of Gneiss 
“roches moutonn^es.” 

The glacier reached a height of over 8000 feet, 
below which the rocks are rounded and smooth’ 
while higher up they are rough and jagged.* 

At Cinuskel the river diverges somewhat to the 
north of the line of sedimentary rocks, skirting them 
on the left, and for some distance has crystalline 
rocks on both banks. The reason of this is not ob- 
vious, but we must remember that the denudation 
has been immense, and the deflection is probably 
due to some cause connected with the strata which 
have been removed. At anyrate from Cinuskel to 
Guarda the sedimentary strata have been entirely re- 


Theobald, Beitr. z. Geol. K. d. Schw., L. m. 


THE ENGADINE. 


247 


moved on both sides of the river, which flows over 
crystalline rock. 

At Zernetz the great crystalline boss of the Monte 
Baselgia forces the river to make a wide curve, after 
which it resumes its previous course. On the west 
side of the mountain the lateral streams join the Inn 
almost like the spokes of a wheel on some gigantic 
axle — the Ova Sparsa, Sursura, Susasca, Sagliano, 
Lavinuoz, and Tuoi. On the other hand, the original 
line of the valley, as indicated by the strata, passes 
in a straighter line to the south-east of the moun- 
tain. 

The mountain itself consists of Gneiss and Crys- 
talline — principally Hornblende — Schist. In the centre 
of the boss the strata-like divisions are perpendicular, 
with gaping fissures of great depth. 

The small plateau of Ardez is one of the most 
interesting parts of the Lower Engadine. The basis 
is Granite, which resembles that of the Julier, and in 
many places comes to the surface. It is often polished, 
doubtless by glacial action. 

Fig. 153, representing a section of the Inn Valley 
at Tarasp, shows that the strata are overthrown into 
compressed folds and the river runs in a synclinal 
trough.* 

* Theobald, Beitr. z.. Geol. K. d. Schw,, L. n. 
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From Ardez to Remus the river runs between 
Lias on the left, and (Haupt-Dolomite) Trias on the 
light, along a line of disturbance through which 
(franite. Gneiss, Serpentine, and other Plutonic rocks 
come to the surface. 

The Liassic rocks of this district fall into undula- 


Sc/iists 

153* — Section across the valley o. 

tions, the principal of which is the deep trough which 
has on the whole determined the course of the Inn, 
and has also given rise to the mineral springs at 
Parasp and Schuls. These are perhaps due to a 
fracture along the line of the valley. The tempera- 
ture of the water is not hot nor constant, which in- 
dicates that they do not come from any very great 
depth. ® 

From a little below Remus to Prutz the river has 
Liassic rocks on both banks, which below Martins- 
bruck takes the form of clay-slate, and through which 
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the deep magnificent gorge of FinstermUnz is cut to 
a depth of 1000 metres. 

Speaking of the lower course of the Inn below 
Landeck, Bonney says, “Of a valley of strike the 
course of the Inn from Landeck to below Jenbach is 
an excellent example. I’he river flows roughly from 
west to east for full 50 miles, bounded on the south 
by the central range of Crystalline rock, on the 
north by the overlying limestones and shales of the 
secondary series. It receives the drainage of many 
considerable lateral valleys from the former, of 
sundry glens from the latter. 'Fhe junction of two 
great rock groups, differing so markedly in their 
powers of resistance, has obviously determined the 
initial course of the river valley, which broadens as 
the stream descends from a height of 2750 feet to 
about 1700 feet.”* 

* 109. Bonney ’s “Growth and Sculpture of the Alps” in 
Tyndall leciiires. Roy. Inst., 1888. 
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CHAPTER XXV. 
GENERAL SUMMARY. 


In the preceding chapters I have endeavoured to 
trace the causes which have led to the present 
scenery of Switzerland. 

In Carboniferous times there were probably moun- 
tains where the Alps now rise, but this ancient range 
was gradually removed by denudation; moreover the 
land sank, and during the Permian, Liassic, Jurassic, 
and Cretaceous periods there was deep sea where 
the Alps now rise. There were certainly great 
changes of level, but they were all continental, and 
that is to say they were approximately the same for 
the whole area, there was no compression and no 
folding. 

That the sea during this period must have covered 
the site of the present Alps is proved (i) by the fact 
that we find no trace of its southern shores, no 
littoral deposits. If the Alps had then existed, 
pebbles, etc., from them must have been found in 
the Liassic, Jurassic, and the Cretaceous rocks. This 
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is not the case : indeed these rocks contain no pebbles 
of any kind, and the fossils in them are indicative 
of deep water some distance from land. There are 
no conglomerates or gravel beds between the Permian 
and the Upper Eocene. Again (2) we find remains of 
the Secondary strata protected in the troughs of the 
folds. These sedimentary deposits therefore extended 
completely over the site of the present mountains, and 
though no extensive remains of these strata now 
occur in the Central Alps, this is because they have 
been entirely stripped away. 

The elevation of the country was due, not to up- 
heaval from below, but to lateral pressure owing to 
the cooling and consequent contraction of the earth. 
It has been calculated that the strata between Basle 
and Milan, a distance of about 130 miles, would, if 
extended horizontally, occupy 200. There has con- 
sequently been a shortening of no less than 70 miles. 

For some time the central ranges alone were 
above the water, and the mountain torrents brought 
down gravel and boulders, forming the “Nagelflue” 
of the Rigi and the Central Plain. 

The Alps therefore, from a geological point of 
view, are very recent. Our Welsh hills, though com- 
paratively speaking insignificant, are far more ancient. 
They had been mountains for ages and ages before 
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the materials which now compose the Rigi or the 
Pilatus were deposited at the bottom of the sea. 
Indeed, we may say that it is because they are so 
old that they have been so much worn down: the 
Alps themselves are crumbling, and being washed 
away; and if no fresh elevation takes place, the time 
will come when they will be no loftier than Snowdon 
or Helvellyn. 


They have already undergone enormous denuda- 
tion, and it has been shown that from the summit of 
Mont Blanc some lo to 12,000 feet of strata have 
been already removed. The conglomerates of Central 
Switzerland, the gravels and sands of the Rhine and 
the Rhone, the Danube and the Po, the plains of the 
Dobrudscha, of Lombardy, of South France, of 
Belgium and Holland, once formed the summits of 
Swiss mountains. This amount of denudation gives 
us, I will not say a measure, but at anyrate a vivid 
idea of the immense time that must have elapsed 
since the Alps rose out of the sea. 


Denudation began as soon as the land rose above 
the sea, and the main river valleys were excavated. 
Then came a period of cold known as the Ice Age 
or Glacial period. 

Round all the high mountains, and over many of 
them, are great fields of ice and snow, terminating in 
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glaciers. These, however, are but the remnants of a 
much larger sea of ice which once covered almost 
the whole country. The glacier of the Rhone for 
instance descended the Valais, filled the Lake of 
Geneva, rose to, what is now, a height of 1350 metres 
on the Jura, and then dividing, sent one branch as 
far as Lyons, and a second along the Aar to Wald- 
shut. The Glacial period, however, was not con- 
tinuous, but interrupted by at least two periods of 
more genial climate. The mass of material brought 
down from the mountains partially filled the river 
valleys (which have not even yet been entirely re- 
excavated), formed great moraines, and is spread in 
thick, but irregular, masses over all the lower ground. 

The rivers of Switzerland run mainly in one of 
two directions, the first from south-west to north-east, 
or vice versa, following the strike and original folds 
of the strata, and the second at right angles to it. 
Many, indeed most, of the principal rivers, take first 
the one and then the other direction in different 
parts of their course. In some cases the rivers cut 
through mountain ranges, as for instance the Rhone 
between Martigny and the Lake of Geneva. This 
probably indicates that the river is older than the 
mountain range, and cut through it as it rose. 

The river system of Switzerland was, however, at 
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first very different from the present. The Vosges 
and the Black Forest were continuous, the subsidence 
which now separates them not having yet taken 

place, so that the Rhhie Valley at Basle was not in 
existence. 

Nor had the gorges by which the Rhone finds its 
exit through the Vuache yet been formed, and the 
consequence was that the whole drainage of Switzer- 
land north of the Alps found its way by the Danube 
to the Black Sea. There is reason to believe that 
for some time after the subsidence of the Basle Valley 
had taken place the upper waters of the Rhone still 
joined the Rhine, and ran over the plains of Germany 
to the North Sea; finally, however, it broke its way 
by the Fort de L’Echise, and falling into the Saone, 
runs to the Mediterranean. Another general change 
m the river system is that the crest of the Alps has 
retreated northwards. The southern slope being 
much steeper than that to the north, the Italian rivers 
have more power of erosion than their northern rivals, 
and are gradually eating their way back. The Upper 
Engadine is a conspicuous example. 

Many minor changes have taken place: partly (i) 
through recent changes of level, as for instance that 
which has diverted the Reuss from its old course by 
the Lake of Zug, and driven it round by Lucerne; 
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partly (2) by rival rivers deepening and extending 
their valleys, and thus annexing territory which pre- 
viously belonged to others: for instance, the Land- 
quart has robbed the Landwasser of its head waters 
and carried off the Schlappina, the Vereina, and the 
Sardasca; partly (3) by dams due to river cones or 
glacial moraines, as for instance the Limmat, which 
was driven from the Glatthal and the Sihl from the 
valley of the Lake of Zurich. 

The lakes which contribute so much to the 
beauty of the country fall into several different 
categories. 

1 . Some are due to the inequalities in the glacial 

deposits; as the numerous small pieces of 
water in the curious district of the Pays de 
Dombes. 

2. Some are due to subsidence; strata, generally 

those of gypsum or salt, having been dis- 
solved and removed; as for instance the 
Lakes of Cadagno and Tremorgia. 

3. Some are dammed back by river cones, as 

the lakes of the Upper Engadine; or by 
moraines, as the lakes of Sempach, Baldegger 
and Hallwyl. 
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4. The origin of the larger Swiss lakes has been 
the subject of much discussion. The opinion 
now prevalent among Swiss geologists is that 
they are mainly due to recent changes in 
level, and are in fact drowned river valleys. 

Even more striking than the exquisite beauty of 
the lakes is the grandeur of the history they unfold, 
and of the causes to which they are due; and in- 
deed, in contemplating the general Scenery of Switzer- 
land, we cannot but be profoundly impressed by the 
enormous magnitude of the changes, and the ir- 
resistible forces which have been brought into 
operation. 

Those forces have affected the general configura- 
tion of the Earth’s surface. Attention has often been 
called to the fact that so many great masses of land 
point southwards— South America, Africa, India, etc. 

Many of the peninsulas, moreover, have an island, 
or group of islands, at their extremity, as South 
America, which is terminated by the group of Tierra 
del Fuego; India has Ceylon; Malacca has Sumatra 
and Borneo; the southern extremity of Australia ends 
in Tasmania or Van Diemen’s Land; a chain of 
islands runs from the end of the peninsula of Aliaska; 
Greenland has a group of islands at its extremity; 
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and Sicily lies close to the southern termination of 
Italy. 

Some years ago I ventured to suggest* that we 
might correlate this with the remarkable preponder- 
ance of ocean in the southern hemisphere, which 
M. Adheinar has suggested to be due to the altera- 
tion of the centre of gravity of the Earth, caused by 
the great southern cupola of ice. 

However that may be, the preponderance of 
water in the south is very remarkable. Taking each 
parallel as unity, the proportion of sea is as follows: — 


60 North . . . 

• 0.392 

50 ... 

• 0,438 



■ 0,538 

30 

. 0,567 

20 „ ... 

■ 0,574 

10 „ ... 

• 0.758 

0 „ ... 

. 0,783 


10 South 

.... 0,795 

20 „ 

.... 0,763 

30 „ 

.... 0,797 

40 .. 

.... 0,961 

50 

.... 0,983 

60 „ 

. . . . 1,000 


Without at the present moment entering upon any 
discussion as to the cause which has produced this 
remarkable result, the fact at anyrate seems to throw 
some light on the southern direction of promontories. 
For let us suppose three tracts of land, each trending 
north and south, each with a central backbone, but 

* Nature, 1877. See also a paper in the Joiirn. Roy. 
Geogr. Soc., 1895. 
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one with a general slope southwards, one with a 
northward slope, and the third without any. The 
first will, of course, form a peninsula pointing south- 
wards, because, as we proceed southwards, less and 
less of the surface will project above the water, until 
nothing but the central ridge remains. The second 
tract, however, would also assume the same form, 
because, though by the hypothesis the land does not 
sink, still, the gradual preponderance of water would 
produce the same effect. 

If, moreover, the central mountain ridge, as is so 
geneially the case, presents a series of detached 
summits, the last of such elevations which rises above 
the water level will necessarily form an island. This 
suggests a possible reason for the position of Ceylon, 
Terra del Fuego, etc. Africa, however, unlike the 
other south-pointing lands, has no island at its 
extremity. They are folded ranges. The Cape of 
Good Hope, on the contrary, is a table mountain, 
bounded by two converging areas of subsidence which 
meet at Capetown. In such a case no 'island would 
be present. 

So far as I am aware, no notice has been taken 
of this suggestion except by Prof Penck, who char- 
acterises it as self-evident. However this may be it 
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had not been previously pointed out, and indeed an 
objection, to which for long I saw no answer, was 
suggested to me by Mr. Francis Galton. He urged 
that no accumulation of water in the northern 
hemisphere would give promontories pointing to the 
north. I tried various hypothetical enlargements of 
the northern seas, but in vain. The explanation lies, 

I think, in the necessary equivalence of the great 
folds on the Earth’s surface,^ 

If folded mountains are due, as above suggested, 
to a diminution of the diameter of the Earth, every 
great circle must have participated equally in the 
contraction. The east and west folds would on the 
whole counterbalance to those from north to south. 
This must be so theoretically, but we have no means 
of testing it by exact figures. It is interesting, how- 
ever, to observe that while the mountain chains of 
the Old World run approximately from east to west, 
those of America are in the main north and south. 
Speaking roughly, the one series would seem to 
balance the other, and we thus get a clue to the re- 
markable contrast presented by the two hemispheres. 
Again, in the northern hemisphere we have chains of 
mountains running east and west — the Pyrenees, Alps, 
Carpathians, Himalayas, etc. — while in the southern 
hemisphere the great chains run north to south — the 
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Andes, the African ridge, and the grand boss which 
forms Australia and Tasmania. 

This, then, seems to me the answer to the dif- 
ficulty suggested by Mr. Galton. The principal moun- 
tain chains in the southern hemisphere running north 
and south give us when combmed with the prepon- 
derance of water the southern pointing promontories. 
No such preponderance, however, in the northern 
hemisphere would give us northern pointing promon- 
tories, because there the great folds run not from 
north to south, but from east to west. 

d hus , then , the explanation of great mountain 
ridges by lateral pressure and consequent folding, 
coupled with the necessity of approximately equivalent 
contraction along every great circle, explains the 
balance of east to west and north to south chains 
in each hemisphere; and this again, in conjunction 
with the preponderance of water in the south, ex- 
plains the tendency of land masses to taper south- 
wards, and end with an island or group of islands, 
thus throwing an interesting light on some of the 
principal features in the configuration of the Earth’s 
surface. 
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227, 236, 244, 243, 251, 
. 255 : II- 43. 83, 126. 

Giants caldrons, i. 120, 131, 
206; II. no. ’ 

Gibelegg, ii. 138. 

Gill6ron, Prof., i. 23 1; ii. 47. 
Ginanz, valley of, it. 132. 
Gingis, II. 139. 

Glaciers, I. 103. 

Glacial deposits, 1. 133 ; it. 39. 
Glacier des Bois, moraine of, 

11. 107. 

Glacier ice, i. 105. 

Glaciers, excavation of hollows, 

I. 243. 

Glamisch 1. 273; ii. 183. 

Glarus, mountains of, 11. 64, 

175. 182. 

Glatt, II. 46, 49. 

Gliere, AigulUe de, ii. 103. 
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Gleaner, li. 188. 

Gneiss, I. 26, 267. 
Gneiss-granite, I. 29. 
Goggeyenberg, II. 54. 

Goldau, rockfall of, I. 275; 
II. 205. 

GoUiez, Prof., ir. 121. 

Gomer, glacier of the, 1. 1 18, 
124; gorge of the, 1. 190. 
Goschenen, ii, 219. 
Giischenenthal, il. 218. 

Grain du glacier or Gletscher- 
hom, I. 106. 

Granite 1. 29, 267 ; 11.40,81,95. 
Granite-gneiss, 1. 29. 
Greenland, i. 41, 45, 123, 126, 

157- 

Greifen, Lake of, 1. 251. 
Gremaud, Prof., II. 43, 45 - 
Grimsel, I. 148; H- 7 ^- 
Grindelwald, I. 125; II. 162. 
Grisous, I. 37 - 
Grosse Nesthorn, ir. 155. 
Gmbenmann, Prof., It. 74. 
Griiner, Prof., 1. no. 
Gstellihom, wedges on the, 
II. 153. 

Gurtnellen, terrace at, ll. 210. 
Guyot, Prof., 1. 145; n. 40, 
195 - 

Gypsum, I. 34; II. 1 19. 

Habkern granite, ll. 66. 
Habkern valley, ll. 163. 
Hademberg, ii. 54. 

Hall, Sir James, ii. 59. 
Hallwyl, I. 158. 

Hallwyl, Lake of, i. 135, I 37 . 
240, 251 ; II. 42. 

Scenery of Switzerland. 11, 


Harder ridge, ll. 163, 165. 
Hasli-im-Grnnd, Ii. 160. 

Hang, Prof, il. 70. 
Hauptdolomite, 1. 35 - 
Haul de Cry, II. 1 29. 

Heer, Prof., 1.35, 45: II. 200. 
Heim, Prof., 1. 38, 39, 58, 
112, 182, 221, 247, 248; 
II. 37, 64, 66, 71, 74, 79 . 
136, 150, 176, 178, 180, 
184, 194, 208, 218, 240. 
Pleiterberg, i. 138. 

Helmholtz, Prof., 1. III. 
Herin, valley of, 11. 132. 
Hippopotamus, i. 1 5 5. 
Hinterrhein, i. 222. 
Hochgebirgskalk, i. 38. 
Hochfluh, II. 56. 

Hohgau, volcanic district of, 

I. 50; II. 197. 

Hooker, Sir Joseph, i. in. 
Hopkins, Prof., 1. 113. 
Hornblende granite, 1. 29. 
Hornblende schist, i. 269. 
Horsts, I. 54. 

Hottingen, 1. 156. 

Howorth, Sir H., 1. 154. 
Hugi, Prof, I. 106, 150; 

II. 158. 

Hiihnerstock, I. 266. 
Humboldt, Alexander von, 
I. 263. 

Hiiningen, i. 33; li. 25. 
Hurnbach, valley of the, il. 44 - 


Ibex, I. 153. 

Ice ages, 1. 157, 158, 162, 163. 
Ice tables, l. 125. 
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nigraben, Cone, i. ig8; n. 1 16 
132 - 

Inn, valley of the, i. 176; 

II. 238, 247, 

Innertkirchen, ii. 160. 
Iserable, valley of, ir. 132, 
Isola, II. 243. 

Ivrea, i. 139, 156; u. uj. 

JoLUBACH, gorge of the, 
n. 133. 

Juchliberg, i. 149. 

Julier Pass, 11. 243. 

Jungfrau, i. 262; n. 148, 149. 
Jurassic Period, i. 36. 

Jurassic, Upper, i. 270. 
Justithal, II. 166. 


Kander, ii. 174. 

Kander firn, ii. 145. 
Kaufmann, Prof., ii. 44, 62, 68. 
Keuper, i. 34. 

Killwangen, i. 138. 

Kirchet, the, ii. 150, 

Kleine Doldenhorn, 11. 145, 
Kleine Emmen, ii. 45. 
Klettgau, the, II. 46. 

Klippen, ii. 65. 

Klobenstein, earth pillars at, 
II. 279. 

Kliinsee, I. 240. 

Klbnthalsee, i. 275. 

Konigsee, I. 241. 

Kuhalpthal, i. 225. 
Kunkelspass, i. 225. 
Kiipfenstock, ii. 54. 

Kiissnach, Bay of, ii. 205. 


L.-v Brevine , valley of, it 
27 - 

Lakes, age of, I. 250; classifica- 
tion of, 237; depth of, 235; 
due to cratens, 241; due 
to irregular accumulation of 
drift, 237; due to damming 
of river valleys, 240 ; due to 
rockfalls, 240 ; to subsidence, 
241; Italian, 230,240, 252; 
origin of, 234. 

Landquart, i. 224. 

Landtvasser, i. 224. 

Languard Piz, i. 51. 
Langensand, Bay of,Ti. 204. 
Langetcn, 11. 42. 

Lapiees or Karren, i. 271. 
Lauchern, r. 50. 

Laufen, i. 26. 

Lauterbrunnen, Staubach of, ii. 
163; terraces in the vallev 
of, l. 183. ^ 

Laves, I. 150. 

Leblanc, Prof., i. 16 r. 

Lechaud, glacier, i. 1 1 8. 

Le Lode, valley of, ii. 21. 
Lentils, I. 42. 

Les Rocailles, 11. 1 1 1 . 

Leuk, valley of, ii. 143. 

Lias, I. 36. 

Liddes, valley at, i. 186. 

Limits of Ancient glaciers, i 
138. 

Limmat, li. 47, 49. 

Limmat glacier, i. 160. 
Limmerntobel, valley of ii 
178. 

Linth, valley of the, ii. 171. 

Lion d’Argentiere, ii. 129. 
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Lizeme, ii. 124, 127. 

Loess, II. 41. 

Looplakes, 1. 240. 

Lory, Prof., il. 78. 

Lorze, II. 42. 

Liitscheuthal, li. 147. 

Lower Val Tellina, 11. 233. 
Lowerz, Lake of, i. 40. 

Lucel, Lake of, i. 253. 
Lucerne, Lake of, i. 236, 248, 
251; II. 201. 

Lugeon, Prof, Ii. 70. 

Lugano, Lake of ii. 236. 
Liitschine, ir. 161. 

Lyell, Sir C., I. 279. 


Maggiore, Lake of, i. 236, 
246; II. 234. 

Maira, II. 240. 

Malm or Upper Jurassic, 1. 38. 
Maloja, I. 15 1. 

Malpertuis, ir. 96. 

Mammoth, i. 153. 

Marius d’Avenches, ll. 1 17. 
Marmot, I. 151, 153. 
Martigny, I. 148; II. 121, 125. 
Martin, Charles, I. 122 . 
Martinsloch, i. 71 ; ii. 181. 
Massa, II. 146. 

Mastodon, I. 44. 

Matt, I. 42, 78. 

Matterhorn, I. 52, 2C4; II. 136. 
Matthom, ii. 64. 

Mattstock, I. 70; II. 53, 54. 
Mauensee, u. 42. 

Meienreuss, II. 213. 

Meiringen, n. 150. 

Mer de Glace, 1. 119, 125. 


Meijelensee, r. 240, ii. 146. 
Miocene, i. 43. 

Mionnaz, i. 231. 

Moleson, ii. 53. 

Mollasse, 1.43; ii. 33, 34, 48. 
Monch, II. 149. 

Monoclinal fold, I. 66. 

Mons Fractus, (Mont Pilatus), 
II. 61. 

Montafun, brown Gneiss of, 
II. 196. 

Mont Baselgia, ii. 247. 

Mont Blanc, I. 274; ii. 78. 
Mont Blanc Massif II. 98. 
Montbiel, rockfall of, 11. 277. 
Mont Cubli, 11. 53. 

Mont de Moutier, ii. 21. 
Monte Rosa, II. 79. 

Montet, T. 1 41. 

Monthey, i. 142; if. 115. 
Montquart, moraines at, il. 
108. 

Mont Sal6ve, ii. 35. 

Mont Tendre, 11. 28. 

Moraines, i. 121, 125, 133, 
I5S> 274 ; ib 41- 
Morat, Lake of, i. 251. 
Morlot, Prof, I. 154; ii. 40, 
85, 87, 117, 123. 
Morteratsch, valley of II. 243. 
Mortillet, Prof, i. 242. 
Mortlake, l. 240. 

Moulins, I. 120. 

Mrazec, Prof, 11. 74. 
Miihlberg, Prof, I. 158 j ll. 
18. 

Mund, trough at, ii. 135. 
Muraz, ll. 115. 

Murchison, Sir R., I. 5 1, 54. 
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Muschelkalk or Shelly Lime- 
stone, I. 34. 

Musk sheep, i. 153, 

Mussels, 1. 37. 

Mythen, ir. 56, 65, 208. 

Nagelflde, I. 43, 271. 

Napf, I. 157; II. 40. 
Navisance, li. n8. 

Nendaz, valley of, ir. 132. 
Neocomian, I. 39, 273. 
Nephrops norvegiais, i. 153. 
Neuchatel, i. 158. 
Niedergestelen, moraine at, 11. 
. 135 - 

Nieder Hallwyl, I. 137. 
Niremont Pleiades, i. 275. 
Nolla, I. 232. 

Noville, II. 1 16. 

Nozon, I. 227. 

Nummulites, i. 42, 77. 

Ober GOsgen, II. 8. 
Oberhalbstein Rhine, 1. 224. 
Oeningen, i. 44; ii. 34, 200. 
(3mbliere, bank, ii. 92. 

Orbe, I. 207; II. 26. 

Order, i. 24 iT 

Origin of mountains, 1. 49. 

Orsieres, I. 241. 

(3rta, Lake of, n. 236. 
Othmarsingen, ii. 44. 

Outcrop of strata, I. 66. 

Outer Alps, i. 51. 

Parpan Pa.ss, i. 224. 

Passage des Tines, ii. 107. 


Penck, Prof., ii. 196. 
Perraudin, i. 145. 
Periwinkles, i. 37. 

Permian Period, 1. 34. 

Perte du Rhone, ii. 94. 
Pfaffensprung, ii. 213. 

Picard, M., ii. 27. 

Piktus, n. 56, 61. 

Piuro, rockfall of, I. 276. 

Piz Rotondo, n. 223. 
Plambouit, Lake of, ii. iig. 
Playfair, Prof., I. 144, 243. 
Plessur, I. 225. 

Po, I. 98, 252; II. 234. 
Pontresina, II. 238. 

Porphyry, I. 29, 269. 
Porrentruy, i. 37. 

Port Valais, 11. 84. 

Priittigau, II. 194. 

Protogine, 1. 29, 268; ii. 40. 
Ptarmigan, i. 153. 
Puddingstone, ii. 40, loi. 
Puntaiglas glacier, i. 122. 
Puntaiglas granite in Rhine 
valley, II. 196. 

Pusterthal, I. 176. 

Quarnero, I. 153. 

Quereau, Prof., ii. 71. 

R.'tGATZ, I. 195. 

Ramsay, S.W.A., 1. 67, 242. 
Randa, li. 136. 
Rappersschwyl, i. 138. 
Regelation, i. 1 1 1 . 

Regimen of a river, i. 189, 
199. 

Reindeer, i. 153. 
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Rendu, Bishop, I. 108; ir. no, 
III. 

Renevier, Prof., i. 206; ii. 1 14, 
126. 

Reschy, valley of, 11. 132. 

Reuss, II. 47, 49, 201. 

Reuss glacier, I. 160; II. 173. 

Reuss valley, i. 183, 248; ii. 

75. 203. 

Rheinwaldthal, li. 233. 

Rhine, i. 225, 226; It. 25, 30, 
46, 48, 172. 

Rhine glacier, I. 159; II. 195. 

l^hinoceros, i. 44. 

Rhododendron, ii. 152. 

Rhone, i. 176, 189, 218, 225, 
226; II. 48, 93, 114, 143. 

Rhone glacier, i. 124, 126, 
135, 158; II. 139- 

Rhonthal, II. 44. 

Rieder Grat, II. 163. 

Rienthal, II. 218. 

Rigi, I. 43,271: H- 55 : gravel 
beds of the, il. 58. 

Rivers, action of, i. 188; 
age of, 233: cones, 195; 
changes in, 221; course 
through h.ard and soft strata, 
185; changes in courses of, 
213; direction of, 217: de- 
rivation of names of, 210; 
now running on an anti- 
clinal, 216. 

Rocher de Naye, n. 53. 

Roches moutonnees, i. 147. 

Rochfalls, I. 274. 

Roflas, II. 133. 

Roggenstock, II. 67. 

Roseg, Val, II. 243. 


Rossberg, II. 56. 

Rosshiigel, ii. 194. 

Rothpletz, Prof., ii. 65. 
Rothsee, ii. 42. 

Rusldn, John, I. 60, 276; II. 
92, 103, 125. 

Riitimeyer, Prof., 1. 161; II. 

37- 

S.'VASTHAL, II. 136. 

St. Bartheleniy, torrent of, II. 
121. 

St. Bernard, li. 79, 124. 

St. Bernard, Massif, II. 79- 
St. Gotthard, il. 78, 222. 

St. Gotthard Tunnel, ii. 75. 

St. Imier, val do, n. 23. 

St. Moritz, Lake of, ll. 245. 
St. Paul, I. 135. 

St. Paul, terrace of, li. 85. 

St. Sulpice, cirque de, 1. 183. 
St. Triphon, II. 1 1 7 . 

Salenze, ll. 124. 

Sal^ve, II. 22. 

Sallenches, ii. 123. 

S.irasin, M. Ch., ii. 71. 
Sardasca, i. 222. 

Sargans, i. 225. 

Sarine, I. 23 1; 11. 45, 47. 
Samensee, I. 240; II. 204. 
Scaradra, II. 189. 

Screes, i. 274. 

Schaffhausen, falls at, ll. 198 
Schafisheim, I. 137. 
Schambelen, l. 36. 

Schardt, Prof., II. 53> 7I> 
1 14. 

Scheuchzer, Prof., i. 109. 
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Schien group, ir. 68. 
ScUieren, i. 138. 

Sclimidt, Prof., ir. 74. 
SchoIIenen, gorge of, ii. 2 ( 9. 
Schwarzhorn, rockslip at the, 
I. 278. 

Schyn, i. 225. 

Secondary Strata, II. 52. 
Seewen Limestone, i. 40. 
Sempach, Lake of, i. 137, 240, 
25 1 ; II. 44. 

Sense, ii. 45. 

Sends moimtains, 1. 39; 11. 54. 
Scrjientine, I. 30. 

'Sesto Calende, I. 139. 

Seyssel, n. 96. 

Sharpe, Prof., i. 79. 

Sidelhorn, i. 126. 

Sierre, rockfall at, li. 130. 

Sihl, II. 43, 46, 172. 

Silbern, ii. 65, 184. 

Silvaplana, Lake of, ii. 244. 
Silvretta, ii. 78. 

Simmen, li. 166, 167. 

Sion, II. 130. 

Sixt, vallee de, ii. 98. 
Slickensides, i. 75. 

Smutt glacier, i. 124. 

Snowline, i. 161. 

Snowy owl, i. 153. 

Soglio, rockslips at, i. 277. 
Solenhofen, i. 38. 

Sorby, Prof., i. 30, 79; ii. 82. 
Stafelbach, i. 137. 

Stanzerhorn, ii. 208. 

Stockhorn, ii. 70. 

Stock Pintga, ii. 179. 

Stralilegg, II. 55. 

Strike, i. 66. 


Studer, Prof., i. 42; ii. 64, 77, 
99. 160. 

Subterranean streams, i. 207. 
Suess, Prof., i. 1:8, 97. 

Suhr, i. 137. 

Supcrga, hill of the, ii. 235. 
Suter Col., i. 137. 

Syenite, i. 29. 

•Symonds, Prof, ii. 193. 
Synclinal troughs, i. 69. 

Table of fiuvio- glacial de- 
posits, i. 165. 

Table mountains, I. 53. 

Tacul, Lake of i. 240. 

Talefre, i. 118. 

Tamina, i. 190; ii. 178. 
Tavannes, Val de, ii. 23. 
Tavetsch, ii. 186. 

Tegernsee, 1. 254. 

Terraces, i, 183. 

Tertiaiy Strata, i. 46. 

Theobald, Prof, i. 278. 

Thun, Lake of, i. 236, 251; 

II. 161, 166. 

Thur, II. 49. 

Thurmann, Prof, i. 77. 

Ticino, ti, 225. 

Ticino, Canton of, ii. 232. 
TiniJre, cone of the, 11. 87. 
Todi, 1. 122. 

Todtennioos, i. 137. 
Toralishorn, it. 64. 

Torler See, i. 240. 

Toss, II. 49. 

Tour d'Ai, ii. 88. 

Tour de Batiaz, ii. 125. 

Tour, Gregory of ii. 117. 
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Tremettaz, i. 65. 

Tremorgia, Lake of, i. 241. 
Treska, Prof., i. 72. 

Triassic Period, 1. 34. 

Triege, gorge of the, ir. 124. 
Triengen, I. 137. 

Tricnt, I. 231 ; it, 123. 

Trient, gorge of, n. 124. 
Turtmann glacier, 1. 124. 
Turtmann, valley of, ii. 132. 
Tschingelhom, 11. 155. 
Tschingelfirn, 11. 145. 
Tyndall, Prof., i. 79, 83, 84, 
no, 113, 116, 242. 


Uetliberg, I. 162; II. i6g. 
Unteraar glacier, II. 158. 
Urbachthal, II. 152. 

Urgonian or Schrattenkalk , i. 
40, 273. 

Uri, Bay of, II. 204, 205. 
timer Loch, n. 2ig. 
Urserenthal , I. 177, 186; ii. 
220 . 

Urtenenbach, n. 45. 

Unis, i. 153, 

Useigne, Earth pyramids at, i, 
278. 


Valais, i. 37, 177; ii. 114. 
Valais, rockfalls in the, ii. 
i37-_ 

Valangian, I. 39. 

Val Bregaglia, II. 233. 

Val Camadra, Terraces in the, 
I. 203. 


Val de Travers, 11. 29. 

Val Ferret, 1. 177. 

Val Piora, 11. 225, 233. 
Valleys, I. 167; anticlinal, 85 ; 
longitudinal, 168; synclinal, 
168; tectonic, 167; trans- 
verse or cross, 168, 171, 
178. 

Vauclusian springs, I. 205. 
Veins in glacier ice, I. 1 15. 
Venetz, Prof., i. 145. 

Venoge or Veiron, i. 227. 
Vereina, I. 222. 

Vemicano or Sernifite, 1. 33. 
Versam, valley of, I. 232. 
Versoix, 11. 43. 

Vevey, 11. 85. 

Via Mala, I. igo. 

Virgloria Pass, l. 35. 

Voirons, ii. 85. 

Volcanoes, i. 50. 

Vorderrhein, i. 176, 222, 225 ; 
II. 187. 

Vosges, I. 36, 37, 64, 

Vuache, li. 22. 


Walijhaus P'lims, II. 193. 
Walen See, 1. 235, 236, 251 ; 

II. 54, 174. 

Wannenfluh, il. 19. 
Wattinger Tunnel, i. 97. 
Wauwyl, Lake of, 1. 137. 
Weather terraces, I. 265. 
Weisstannen, 1. 225. 
Wellingtonia, I. 45. 
Wetterhom, ii. 156. 
Wettinger Feld, cone of tran- 
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sition at Killwangen, I. 134; 
II. 170. 

Wettstein, Prof., 11. 78, 156, 

254- 

Whitaker, Prof., i. 171. 
Winan, river, i. 137. 
Windgiille, I. 57, 79; II. 184. 
Winkel, Bay of, II. 204. 


Yvoire, I. 135; II. 84. 


Zermatt, valley at, ii. 135. 
Zernetz, Engadine at, II. 247. 
Zinal, glacier, I. 124. 

Zone de recouvremcnt, 11. 19. 
Zug, Lake of, i. 235; ii. 173, 
204. 

Zurich, I. 138, 155; Lake of, I. 
173. 236, 240, 251 ; II. 168; 
terraces on the Lake of, I. 
249; II. 171; valley of, 1. 
164; II. 171. 


THE END. 
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